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ABSTRACT 


The purpose of this.thesis.is to assess the useful— 
ness of cost-benefit analysis in evaluating alternative 
programmes in the development of Canada's natural resources. 
The working hypothesis adopted in this study was. that _cost- 
benefit analysis is conceptually unable to deal with alloca- 
tion problems in a macro-dynamic setting. Therefore, an 
attempt has been made to provide and assess alternative 
Pecimioues (or largze-scale»natural resource projects, includ- 


mie eWwaber CesOuUrces « 


After a thorough investigation of cost-benefit analy- 
Ss input-output models and agglomeration theory, it was 
concluded that dynamic input-output models combined with 
agglomeration theory are more conceptually correct in large- 
scale allocation programmes of Canada's natural resources. 
Since Canada is so richly endowed with natural resources and 
toe tuvure economic performance of Canada is, to a large 
Pxueme, soevendent on the efficient allocation of these 
resources, a thorough-going concern with the development of 
suitable analytical methods for natural resource allocations 


seems in order. 
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CHAPTER I 


INTRODUCTION 


During the past decade Canada has been undertaking 
large scale development of the natural resources with which 
Canada has been so richly endowed. Therefore the method of 
analysis utilized in the allocation of these natural resources 
is extremely important to the national economy, and in some 
Cases tne methods used may be said to have been less than 
Sabistacvory. for example the Columbia River project util- 
ized cost-benefit analysis for decision making purposes. For 
eevrotec, o1 Uliis size, this mevnod of analysis is bellteved 
to be entirely unsatisfactory for reasons which will be put 


Porviran chois thesis. 


Thesmajor hypothesis of this thesis is that cost-— 
Perel iuearalysits 25 NOL a salisfactory cool of analysis’ tor 
large scale natural resource projects. The arguments to sup- 
port this thesis will be based upon the conceptual framework 
that is an integral part of cost-benefit analysis. The’ con- 
eeptual shortcomings of cost-benefit analysis prevents the 
analyst from predicting the effects of large scale projects 
on the economic growth of the area and, in general, economic 


growth of the erltire economy. 
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pince Canada is, at’ the moment, considering or invol- 
ved in large scale intra- and inter-regional transfers of 
natural resources, Canada should be concerned with methods 
PeeOwvosoblocaces née natural resources. Since the thesis has 
MhaiGavea Ghav CoOst-benefit: analysis is not suitable for the 
allocation of Canada's natural resources, other methods of an- 


alysis will be examined. 


triput—output analysis is then examined for its useful- 
Meoo in allocating Canada's natural resources, primarily for 
0S Peeriinees An large Scale transters of natural resources. 
But similar to cost-benefit analysis, input-output models are 
not free of drawbacks. The difficulties faced when input- 
Output models are made dynamic will be examined and a con- 
Clueion as to whether dynamic input-output models are feas- 


iDile Or not will be attempted. 


In natural resource projects in which a cost-benefit 
analysis has’ been used, major factors which affect the eco- 
nomic growth of the region and the economy in general have 
been deleted. Such factors as pecuniary externalities, and 
agglomeration effects of the project are deleted from a 
cost-benefit analysis but all influence economic growth. 
Because of agglomerative effects of projects and the effects 
on economic growth, agglomeration and the causes of agglom- 
eration will be examined. Backward and forward linkages, 


urbanization economies, localization economies, and 
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3 
economies of scale, all which are causes of agglomeration, 
VWeryecitcarly aifect the economic growth of a region and in 


Beneraisa .arge sector ofthe economy. 


ToS ,ovie polnte Of Tiles research vopic is to provide 
a method of analysis of assessing the growth errects of the 
development of large-scale natural resource projects, which 


indeed is of considerable concern to Canada at the moment. 
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CHAPTER II 


COST-BENEFIT ANALYSIS AND A CONCEPTUAL TREATMENT OF EXTERNAL- 
ITIES AND SECONDARY BENEFITS 


iene rOouct. On 

Cost-benefit analysis has been extensively utilized 
by the United States Government for evaluating water resource 
HORE mne direct and indirect benefits and costs of the 
project are computed to form the ratio of benefits to costs. 
DVeviaitye.t the ratio is Jess than unity the project will not 
Peweccepoca, Unless intangible and unmeasurable effects have 
Pieetoorvany Dearing on theyselection of the project. Such 
unmeasurable effects may include preservation or destruction 
ofrscenic beauty eriwiidiife sor thessaving of human dives. 
If these unmeasurable effects cannot be evaluated, then benefit- 
cost ratios should be computed without them. Then this ratio 
Should be compared with the ratio of the next best alternative 
and if it falls short the unmeasurable effects should be 
examined. "For the project to be selected, its intangible 
benefits must be shown to be large enough to make up for its 


deficit in measurable benefits." 


pie RRP. Sewell, John Davis, A.D. Scott and D.W.,. Ross, 
Guide to Benefit-Cost Analysis (Ottawa, Queen's Printer, 1965), 
Pp. Loy 
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Where resources are limited, all desirable projects 
cannot be chosen. The government must make a choice. If the 
objectives of the project are economic, then economic criteria 
must be used in making the choice. Benefit-cost analysis is 
one form of e€conomic criteria which may be used and is actually 
Verrer) Tor ranking alternatives than for accepting or reject- 
Wier jecus. * this is mainly Caused by the fact that ‘errors 
in Calculating benefits and costs affect similar projects’ in 
Steam Weys, ise. ‘the ratios will tend to be high or Vow in 
the same pattern, though differences in the composition of 
outputs and in the physical conditions of projects will still 


s > ; tE 
Peoos Oeerrors even in ranking..." 


But this method of choosing a project does not neces- 
sarily mean the project with the highest benefit-cost ratio 
will be chosen. Return on investment as well as many 


restraints on costs must also be considered. PCeLne costs 


lotto Eckstein, "Benefit-Cost Analysis and Regional 
Development ," in Regional Economic Planning, ed. W. Isard and 
Peremcmmoeriang, (Paris, O.B.E.c.,. 1960) ..p.. 361, 


an benefit-cost ratio is only the ratio of total benefits 
bO GOotal cost and is not necessarily maximizing net benefits 
even though it may be the maximum cost-benefit ratio. The 
maximum cost-benefit ratio is not necessarily the point where 
marginal revenue is equal to marginal costs which is where net 
benefits are maximized. For example, if two similar hydro 
projects are considered; one with revenue of $100 and costs 
of $50 and the other with revenue of $900 and costs of $500, 
the first project would be chosen if we are maximizing the 
cost-benefit ratio but net benefits are not maximized, all 
other things remaining equal. 


ane _ - : 
> inpte ~ 
_ 


iy 


eis ifs gimRT and pete STE 

pie oe ‘ were 
| cod 9 thin to Petters fe > | ai? — 
ony rrcari ary Ss dot (oT, apy . 


Ly" 
ort) ott saiurin ¢ i DSeP ” 


at ay * 


=, Ae ¢ " - 5a ttc 
ot Riese | fs sn teoet . hr te trio y> 4a cl 


ae it - : 2 
sd rt Poe ii" .@.4..,2%ee tal teks 
| | ; + a 


ai rd 


| ue sie Se 
- i , | 
: him ct f vA edn 
a, “ 
a 
| a 7 2, 
| nf seve paowé OF Be 
— iJ ; > i] 
) Sn 
“~~ 
re | 
’ i , 
rs +; f 
x 
' i La 
‘ i . ‘. . | i - p= ‘ + 
a * > 
v c 
é f . 
¥ | t 
4 - 
— ‘ at mc) i ¢ 3 * , Tine 
,' - Mi oe Pa 
b \ | i 4 nest git+& 
’ * e 4 *) 
iyi G “ iv EY oe + One | r 
1 ‘ = : e en 
‘ ‘ . . 4 > *) 
a =e ° } * 72a? PY J > > 


ey t fee +3 i vying ah Seas Seoe= 
pirraersd Jen, & ibgelonw xen Limes eM Pa" Py List J 


vir into -oMe<yt Imene dar fen eho dften ITA 
Jon. stent (el dott Marans Cat? tea? 

outed sellges OW) 2s, Gls ; 

Sarees ¢ CH8e Yo. aunvet sate 

> ye, ~~ 

+; 9m esnea brs CORE. 3o sine ¥ 

“gd? aoliciodesn & ia ony Ke as y/o 

we) é * 

am. ra pees tfait acre 2) VOOM 


5a 2% 
x - 


oat -.oflad gb¥erod-20e> megioy Sacha ath ot eet 


. 


ee * 
— >: 


6 
Whieghwmay be incurred are ,limited, then projects must,be chosen 
WoeGue avc ine slarrest amount of benefit per unit.of costs. 
But this base mOLsnecessarily mean it has the .highest return 
onseinvestment . Therefore, REtUrn ONwinvestment .as well.as 
Piste Must be considered.  Riskvhere canbe viewed ,from two 
Sroeceeetitst ioe analyst must consider how much a 4project 
Vie eueouGewimportant risks , suchas in,yflood,control.prajects. 
Decoder isksS should be considered in theisense that the pro- 
jecvemayvelcuagta.lure. All these \factors should be considered 
in ranking projects=in a preference ordering before a public 


decision has been made. 


How has the benefit-cost analysis been used in water 
and resource allocation? Usually a benefit-cost analysis of 
a project has been made after all the plans have been comple- 
ted. sUsing the analysis in this, manner is, not using. the 
analysis een iy "economic principles must be applied 
at every state of project planning and design and not just 
after the project is planned. "+ Using the benefit-cost 
analysis. just after the planning .of the project.is completed 
goes snoteaid in planning and iswmot.likely to,lead, toygood 


economic. results...It only helps, justify. the project. 


How are we to treat the different tangible costs 


and benefits? Excluding intangibles, the value of the 
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Canpipte=venerits is.an” imputed value; that is, not’ the price 
eharged for water, but rather the extra income less the extra 
PGeteeoL thowe WHO Use the water,” for’ example ,* farmers bene— 
Prenton irrstatcion projects? “lhe cost of a project@is 
fuevevne process Of measuring the vangible costs incurred in 
Pee ePuec ne tne project, bur mere there is some difficulty. 
iiece Gsiiiculties in*measuring tangible costs will be dealt 
Wivuiy souorciy. Other costs which may be incurréd in a project 
Qe, al iitanpibple and External nature and shall be’ dealt 
With? in the Section dealing with the treatment of externali- 
Pies WiLoh presents many problems to those* conducting a” cost— 


benefit analysis. 


Secondary benefits and costs also present a problem 
to those conducting a cost-benefit analysis. They usually 
Tequire a great deal of time to trace and they are very dif- 
ficult to evaluate. But generally where projects are similar, 
their secondary benefits and costs may be excluded since they 
are*Usuatly similar. “But where projects have different loca- 
tions and provide different services, it may then be necessary 
to consider secondary COsLer ang, penertes. This provLlem Wilt 
be dealt with much more thoroughly in the section on secondary 


benefits and costs. 


Problems in Measuring Tangible Costs and Benefits 
Generally in water resource projects all costs and 


benefits are measured in terms of current prices. Very seldom 
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aa cHanee on. either absolute Orerelavive prices’ accounted 
for in the evaluation of the project and future prices are 
very seldom the same as current prices. These prices may 
change for any number of reasons, one of which may be a gen- 
PTaveorrce level rise, which may not cause relative prices, to 
G@nange, but over. time nal aeate prices, do change. As Professor 
schramm points out: "In the case of electric power supplies 

Peemclaipes in relative prices on the cost side. and.the 
currently so important problem of expected Changes.dn rela] 
Bive praces™on-the: benefiteside turn°oute to!) bee muchymore 
important than the’ general upward drift in prices." Relative 
prices obviously do change and have a very important effect 
on a cost-benefit analysis and therefore on the rankings of 


projects. 


rarest examine tThe- effect® sitar reneral: pricesilevel on 
Che COLUS and Behe ibe of aehydroreprojeer -eUsuaily' the ©Ose 
Ota hydro project is largely capital expenditures in the 
early stages whereas the benefits aecrue over the life of the 
Drojecc. “Given a Trise-‘inr thespeneral price tevel, the bene- 
fits will be clearly understated if only current prices are 


used. “Also very often interest’ rates reflect expected price 


Teunter Schramm, "Real Costs and Real Benefits Under 
Present Federal Water Resources Evaluation Procedures," a 
paper presented at the Eighth Annual Meeting, Western Regional 
Science Association, Newport Beach, Los Angeles, Calif., 
February 7-9, 1969, p. 2. 
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9 
increases, therefore the costs are adjusted for price increases 
Since the funds for capital expenditures are borrowed. Now 
the cost-benefit ratio will be seriously under-estimated and 
this may actually lead to the elimination Of projects which 
would be economically efficient. One method used: to overcome 
this problem could be to evaluate the project in terms of 


Current price levels and adjust the interest rate downward. 


Relative price .changes present amore difficult. prob-— 
Lem TGithne analyst.~.To diseuss the cause of relative price 
Changes or any price, change is beyond the scope of this paper. 
Relative ‘price changes are only of interest insofar as they 


affect water resource projects. 


Oni the cost side oOfssthe project, the cost of construc- 
tion changes -very »rapidly...for example, construction. costs 
have been known to vary 20 to 30 per cent for identical equip- 
nenv-over=apertod”* or’ four’ to“five years. This would have 
avery  laree ferfect on the cost of avproject.= for example, 
Professor Schramm has investigated three hydro projects in 
the Yukon and has estimated the effect of changes in construc- 
tion costs on Me eio 04 ec ae He has assumed construction 
costs will continue to rise at the same rate as in the past. 


Ennthe first hydro project construction would continue for 
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10 
some a/ years, in the second some 47 /years, while in the 
third case construction would only continue for six years.. 
Increases in required mill rates to cover construction costs 
under inflation in the first case is 72.9 per eent., while in 
the second case it was 30.7 per cent, and in the third case 
it was only 4.8 per cent. "These are substantial differences 
indeed which very radically alter the respective evaluation 
Sie bestwo projects. Trends jin .construction costs, therefore, 
cannot be disregarded in cases where construction times are 
long. "+ The result- and particulars of the investigation have 
been reproduced in Table I so one can see more clearly just 


how the figures were arrived at and the importance of construc- 


Orn costs. 


TABLE I 


THE EFFECTS OF A TWO PER CENT ANNUAL RISE IN CONSTRUCTION COSTS 
ON THE EVALUATION OF THREE HYDRO PROJECTS2 


Tobe Average Costs/khw 

Ponsreuct ion Projected Increase 

Costs in Construction,. Infla- in required 

1964-dollars Period No tion 2% Mill Rate % 
Project (millions) (years ) Inflation per year (Col. 3=100) 
Case I 1,905 si DBD oes, ieee 
Case II 1,882 47 3.52 4.60 30.7 
Pee Ll) i OR DEO 6 2.90 3.04 4.8 


bac 


This issue is particularly critical of cases of long-term 
development programs that consist of a number of individ- 
ual projects which for their feasibility, depend on a 
costly common feature or component. “In such cases the 
initial decision to proceed will often depend on the 
bererit=cost analysis of the whole program.” But once the 
Pommon, component has been built even large cost changes 
for the remaining projects may not deter their construc- 
Pon simply .because their, Jn terms of the overall 
development program, 'marginal' benefit-cost ratios may 
remain above unity despite the fact that the average 
beneiit—cost ratio for the deve lopment as a whole may 
Dovesveen reduced to, less than one. 


Unanges "in operating Costs vecause OF intlation’ may 
also be of great importance when evaluating projects. In hydro 


projects ».technology Ae LSet alee Re) ee Ole elie most part, over 
the life of the project. As the economy progresses and labor 
productivity increases, wages will rise as they should so as 
towceain some of the increased benefits and to cover for infla- 
tion. But in hydro plants the technology is somewhat fixed 

so one can assume the productivity of the plant has remained 
fairly constant. Now wages have increased and so have the 
G@pereting costs. This could Nave a very large “effect on'cost— 
benefit analysis, especially if one is making a choice between 
two similar projects, yet one is capital intensive while the 
other has labor involved to a greater extent.* Therefore, in 
carrying out a cost-benefit analysis the analyst must somehow 
incorporate increases in wages and other prices into the 


analysis. 
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rd BL. 


ere has been assumed there is no substitution between 
capital and labor. 
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Changes in technology, especially in hydro projects, 
are) of preat importance and changes are taking place at a 
very rapid rate. Better machinery and more efficient methods 
are being discovered very quickly making existing hydro 
Plants obsolete before their life has come to an end.* JM te 
must also be incorporated into a benefit-cost analysis and 
maybe hydro projects having the shortest life span could be 
euee ol edi, they aré economical. -. In this way the project 


could take advantage of advancing technology. 


"We must conclude that the prevailing practice of 
evaluating benefits and costs in terms of present costs and 
Dricesaas. not. only idikely to.tdead, to, an. understatement, of 
Selueinecosrs , Dut, may,aiso. lead:.to cross unefficiencies an 
project selection. © Somehow future costs and prices must 
be estimated and incorporated into a benefit-cost analysis. 
Even though this introduces new uncertainties into project 
evaluations, as long as the estimates of future costs and 
prices point in the right direction and as long as the esti- 
mates are backed up by a sensitivity analysis that: tests 


theset fects of. the. assumptions. on overall benefits sand, costs 


luydro plants become important for providing peak loads. 


pied. ns 7. 


34 sensitivity analysis 1s one in which the analyst 
observes the effects of different assumptions on the bene- 
fits and costs of a project. For example, the analyst may 
wish to observe the effect of different price changes on 
benefits and costs. 
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the estimates of benefits and costs will be better and more 
realistic compared to estimates of benefits and costs using 


present costs and prices. 


II. The Conceptual Problems of Cost-Benefit Analysis 

Awe treatment of Externalities. Externalities are.activities 
Of a ,aecision—making group which affect the activities of 
other groups without directly affecting the decision-making 
group. Such externalities may be labelled external economies 
© -exeertal diseconomies. These refer to changes in the costs 
Gores tarm resulting from an expansion by another firm or 
Padusury.< An increase in. costs to the other firm would be 

an external diseconomy; a decrease in costs would be an exter- 
nal economy. These changes in costs may be caused by a tech- 
No vogpical “or Prone SulLelover.. ll the sacl ions Ol ea 1 27m 
affect Phe physical production possibilities, -of other’ firms 

or the satisfactions that consumers can obtain from given 
resources, then the externality is said to be caused by a 
tecnmological spitilover.~ If the external affects are via 
prices or factor prices, then the externality is said to be 
caused by a pecuniary spillover. The question to be asked 

is how should these externalities be treated in a benefit- 


cost analysis? 


“Rene McKean, Efficiency in Government Through Systems 
(New York: John Wiley and Sons, 1950), p. 130. 
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14 
First examine the technological spillovers. These 
Spillovers affect the physical production or consumption of 
people other than the progenitors of public or private invest- 
ment. One example of this type of spillover would be the 


pollution of the atmosphere and water by industry. 


Ideally, firms and projects should take these exter- 
nalities into account and, in some cases, industries have 
been compelled to take’ steps to eliminate serious external 
Serecoe. bub it is NOLUmeCOnCMICaAI Ore praclicad. to. trace all 
the external effects and to adopt measures to take them into 


ah 
account. 


Prom these previous examples > che “tmpficatirons for 
G@Osv=-penerit analysis is’ clear.” “In water resource’ projects, 
the government should ear bon in their cost-benefit analysis 
the external costs and benefits which result from technologi- 
cal spillovers, if such Costs and benerits Can be predicted 
and priced. But we must distinguish between external tech- 
aie ope spillovers which are worth counting and those which 


are trivial from economical and practical reasons. 


There are other external spillovers which do not 
Pt recw pavycical inputs of either the firm or consumer. These 


external spillovers are caused by shifts in prices which fall 


I Many expernaiocres are too trivial or uncertain to. be 
taker, into account }) but nevertheless should be listed vin a 
cost-benefit analysis. 


Fa Picante > "35 ols UGO9Q °° raeaengaatenee 


x ; 
Tae) ae —- . ae T + F eric 
~J2ayal sieving to afiaug 7 rastwsgedy aes: ceedd 
4 uw 
i 
. ae or = » Fi, « a 
She of + WwW USvVoO ‘oy Sine € oe dnt 
- bs = ~ 
* i 
_ ‘ _ 7 e —s om ~ 
sMroguieal 3 “Se STS eem Je- Sili 
aoe 
2 
— bere Gey ee , ‘ a7 Anee we ‘ 
=) b i i. =< bA 7 - 
es 
4 
> =f be =® ; - 
y 4 = 
yf or he t iar ‘ ¢ ., -* wt 2 
BY} j j oe - = ran 5 } 4 oN 
7 Q Pi ‘ bt 
: j a ; ; ‘ J si a. 
cr 
- Oat 7 : : os 27 9en4 
3 
Te: = & PTs Treetg eta 
3 ars P 
= 
hi ~ ‘ an .. 
‘ ' f ae i | I - b* =p 8 ietee'p { 
; } 
7" , *) a , ? P - i > eee a f ; ‘=r 
ci 7 ae a y ASM 4 Ow : er, | » As ay f 5 Lie ees 
‘ " . R 5 P oa 2 
i sZ iad ” i : : 
I ra | Plus ‘ael PALO BO Die- & ec 
fy cs ; f ~ ; ‘ * t,t 
e. } ra i i { Or ea 5 4 & 1 1 aap | 
—- “4 f we L ~__- t => 
i oAL riook 11] s) W C f A I J2it si iS 
4 ; : 
_ ’ 5 e ‘ f = si 
’ ++, ss capt >) 7 —," _ “ he ny fees - 4 “ 7 
RAW Seon? fis anitaves. ction ave dtyErte etavallry 
IME * 4ic7 fr 2 } te Poe. 5 ~~ = - . “a 
BN06597 . Lealiosng L. SOLMOMOS.S «po 
- = a! 
JOn ob Serie ecayirffiake Gere aed! : - 
4EN OD S920W egaveliigk lemmas allo) een. Stee 
2 - ~ 4 5 7 
a ir. —_—— “ need ne oe Pf! <= > 
seodt SIIBENOS CO Kpert aio raridte y 
+ 


: is 
= 7 
7 re 


: 0d 03 geter soni tae! dakivien?: cade 
6) EE Bene: i aed. seal (ta 
rae Ti eiterk: 


15 
into different groups with different characteristics.+ Such 


external spillovers are called pecuniary spillovers. 


The first type of pecuniary spillover to be dealt with 
is an expansion in an industry causing the prices of factors 
Geeo oan that industry to be bid up. This will cause the 
Costs to rise in other- industries which use this input. Are 
these losses to other firms a cost which should be considered 


in a cost-benefit analysis? 


et, usiskook at: cthe expansion An Gone windustry. sn 
Orger for an industry to expand, consumers must be willing to 
pay for the output and the price of the output must be more 
than the price of the input. Because of the increased demand 
For both input and output, the prices of each will rise and 
ijpurs WLll be bid away from other industries. Resources are 
Deane sreallocated by consumer preferences to where they are 
more valuable. Therefore as far as efficiency in the economy 
Pewmconcerned , the expanding industry should not be made to 
consider the cost to other industries. °- This also applies to 
a cost-benefit analysis as is pointed out by R.N. McKean in 
the following: 


The measurements should not reflect this type of pecun- 
iary spillover in order to show the way to an efficient 


ey. MeKean has divided these spillovers into four 
groups which simplifies the analysis somewhat and I shall fol- 
low the same procedure. 
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set of projects. . . . Moreover, there is little use 

in talking about compensation of everyone who is 

injured . . . an announced policy of compensation could 

eliminate a good deal of desirable readjustment.1 

Another pecuniary effect could be on the Prices or 

Substitutes. Suppose the supply of hydro-electric power 
increased, causing the price to decrease. For other substi- 
tutes, such as oil and gas, this means a price decrease caus- 
ing lower. profits to firms producing the substitutes. At 


the same time certain consumers benefit from the lower price. 


Should such costs be considered? 


This case is very similar to the previous case where 
inputs were reallocated to where they were more valuable. 
Therefore the costs should not be counted as costs or a reduc- 
tion in benefits in a cost-benefit analysis. "The benefits 
are whatever the bidders are willing to pay for the incre- 
mental output of the project; the costs are whatever must be 


peiG@ vo avcract the extra inpuvs that’ ro “into ‘the project. "* 


Another type of pecuniary effect is an expansion in 
One Industry causing an increase in demand and price for’ the 
complementary good. Again resources will be attracted from 
other industries into the industry with the increased demand. 


Some industries, as a result, will incur losses and others 


TRIN. McKean, Efficiency in Government, p. 138. 
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will experience gains. The analysis will follow much the same 
as the previous and the losses to other firms will not be 


eOMeacered as costs in a benefit-cost analysis. 


Also an expansion in an industry may cause the price 
ofthe output to fall.. This will cause wholesalers and 
retailers or whoever it. may be holding an inventory of the 
Pregame le vie Old orice to incurca loss. They purchased Lhe 
S00Gs aueLbesold price but must -sell.at the new. lower .price 
in order to compete, thus incurring a loss. But consumers who 
ioe OuLput Will benefit. In this case the benefits should 
be the increased output multiplied by the new price and should 
not be decreased (increased) to reflect losses (gains). 

These losses can be ignored in order to determine, with the 
Ne@ieO i ao cost-benefit analysis, which investment gets the 
economy closer to maximum production. "What people are will- 
ing to pay for the incremental output is still the measure of 
its worth, and what has to be paid to attract the inputs is 


stuLl, tne measure..of its ete ae 


Pue ta cost-benefit analysis should not overlook the 
Seer that other firms will retaliate; that is, if the price 
of the output is decreased, other firms may lower the price 


more making the investment less profitable. This retaliation 
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on the profitability of the proposed investment can be esti- 
mated by examining the proposed investment in the appropriate 
context, that is to say, within the framework of game theory 
Drwassimilar idea. But to .consider,transfers.arising out-of 
an investment as gains or losses of that proposal would not 
lead to the correct investment. 

The pecuniary external economies are not social benefits 

since they are transfers of rent. among specialized fac- 

tors. The gains to one group are off-set by the losses 

Pea DOC BCT. BP Oup ule as (T)here is no net increase in 

the efficiency of the economy.1t 

How clear is the distinction between the technologi- 

cal spillovers and the pecuniary spillovers? The two spill- 
Overs can become confused very easily if one thinks of pecun- 
lary aypktd avsGTRTS as a transfer of income in which some of the 
Meeanesrer may be, avtributed to changes in capital values. 
Daa aevechnolopical spillover may also be caused by a: change 
Puma ta lw vyalues, the diiterence being’ a, vechnological spiil— 
over affects other producers’ physical inputs whereas pecun- 
[orveruiovers do not. "Ther distincyion really rests on the 
tollowing basis: technological. spillovers affeet the phy- 


Secabeoutputs that can be obtained from other producers’ 


Leet Margolis, "Secondary Benefits, External Economies, 


and the Justification of Public Investment," The Review of 


Economics and Statistics, Vols. 39-40 (1957-1958), p. 288. 
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physical inputs, while pecuniary spillovers do not." 


pews viner.on is stiilpdarticult if an investment 
creates Perec oes Of spillovers. In this case it becomes 
Raids to Unravel the spillovers, but the distinction is still 
there and it is only the technological spillovers which should 
be counted. Another problem arises when the pecuniary spill- 
Overs induce’ technological spillovers ,"but> again; only the 
technological spillovers should be counted if we are to choose 


the investment which is most efficient. 


How does this treatment of pecuniary and technological 
Spillovers compare with other treatments of these two affects? 
One approach used has been that of maximizing national income. 
This is essentially the same as maximizing efficiency and 
production given a particular distribution of wealth and 
therefore prices... But maximizing national income would mean 
Weer eone national income as 1t is measured. This could 
lead to the same choice of investments as would be -chosen by 
the suggested method--that is maximizing the incremental 
revenue minus its costs. But this may not be true in every 
case. National income, as it is measured, may be changed 
fromea shitt from one’ set of prices’ to another or’ by “a nun- 
ber of pecuniary effects, in which case investments chosen 


to maximize national income will count pecuniary effects as 


IveKean, Efficiency in Government, p. 143. 
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20 
benefits and costs. Since many transfers and pecuniary spill- 
overs do cancel out when we measure national income shifts, 
the suggested method may be consistent with that of maximiz- 


ing national income. 


Another approach in selecting efficient investments 
is the common sense approach which suggests we do not dupli- 
Cele exiscing facilities because 10 is uneconomical. Is it 
feceseery to count’ the fall in rents of existing facilities 
@enpcoOocs, therefore making the investment uneconomical? No, 
Eisai canol.»achercase.,aOnlyethertost ofSthes inerement al out= 
Pius iseupnbe counbed.asee costyofsethe outputparthebfall- in 
Peuteeouscxistbing.raciditiesp;need notabesconsideredsasia 
cost. Bututhe analyst.must remembertthatathesexistingefracil-— 
Ties necd avis considersopératingecostsad Since their capi= 
talis already. invested, they mayebe abbesto set prices below 
the cost of the output of the new investment. The analyst 
must consider his competitor in estimating the value of the 
beverits, but.does eot..have.to<inelude the decline in rents 
Ghrexie ting Taclities <as. .cosusp, A duplicate may very well 


be economical. 


New investments, more efficient than existing invest- 
ments, attract resources and sales from other firms. Some 
resources will not be transferred and as a result will receive 
lower rents. Losses may be incurred by the resources which 


receive lower rents while those who are transferred will be 
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el 
used more efficiently... Yet these Josses are not..counted. "We 
are; concerned with gains and costs from the standpoint. of 
the whole economy. If we approve of consumers! sovereignty, 
then the measure of gains to the country is what people are 
willing to pay for the new output. The measure of costs-- 
what the whole economy must give up--is what the new producer 
has to pay." Essentially, this states that the technological 
Spillovers should be counted while pecuniary spillovers 


should not be counted. 


B. Treatment of Secondary Benefits. "Since the main objec- 
tive of most benefit-cost analysis is to compare the rela- 
Ulve merits of projects which are close alternatives, in 
most instances the practical evaluation can -be..confined to 
assessing the primary and direct costs and benefits. "* Sec- 
ondary benefits to be counted depend largely on the projects 
and on how marginal thein »cost-benefit..ratios pare, .but) there 
is general Pee nan on the treatment and meaning of sec- 
SGnaany benetits a. There.does not exist) ia..cbeaxr definition of 
secondary benefits, but the Federal Inter-Agency River Basin 
‘Committee has proposed a definition which will be sufficient 


for the purposes of this thesis. ."Secondary benefits 


are the values added by incurring secondary costs in 


lipia., p. 149. 


Sewell, Guide to Benefit-Cost Analysis, p. 18. 
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activities stemming from or induced by the project." 


The benefit stemming from the project is the net income 
derived by transporting or selling the products from the pro- 
feet tec obenerit inducéd by thé project TS-the net-income 


derived by supplying materials and services to the project. 


Now the problem arises as to how these secondary ben- 
efits should be measured; that is, what should be. included in 
the calculation of secondary benefits? The U.S. Bureau of 
Reclamation presents the secondary benefits in the following 


Gera lt With rererence to irrigation projects: 


5. Indirect irrigation benefits comprise the increase 
yy Ns 

A. Profits.of local wholesalers and retailers handling 
increased sales of farm products consumed locally 
off the project without processing. 

B. Profits of all other enterprises between the farm 
and aLne tind | consumer, trom tandling. process iis, 
aidstarketing increased” sales* of farm products 
locally and elsewhere. 

Moe PrOoLtibs of all enterprises Trom supplying soods and 
epervices. for increased farm purchases for family 
levine and production expenses’. 

D. land value of local residential’ property. - 

6. Like direct farm benefits, indirect irrigation ben- 
efits will be calculated from. Summaries of farm bud- 
get data representing future conditions with and 
MiGnouL, vue projece.= Indirect’ benerin Tactrors; will 
be applied to increases. or decreases._in the value of 
individual commodities listed in the budget summar- 
jes. The indirect. benefit from increased land value 
of local residential property will be calculated 
separately. 

8. Improvement in non-commercial land value of property 
in towns on or near irrigated areas will create an 


IMargolis, Secondary Benefits, p. 284. 
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23 
indirect benefit to persons other than project farm- 
ers. For example, twenty acres of unimproved land 
worth $100 an acre might be subdivided for residential 
purposes and sell for $800 an acre. Higher-grade 
use of the land would then have increased its value 
from $2,000 to $16,000. The indirect benefit would 
be four per cent of $14,000 increase or $560 per 
year. 
But, as McKean points out, these terms are not used 
consistently. The Bureau of Reclamation considers the wages 


of men who were hired because of the project as direct bene- 


tai & 6 


Now comes the controversial question as to whether or 
mot unese secondary benefits are gains to the whole economy. 
Becoidery gains such as wages, incomes to, suppliers are 
G@0umted as secondary benefits, but should they be included in 
benefit-cost pects? Li wheyeave. eCOsy S50l Thee pro lec 
become gains and the benefit-cost ratio can become extremely 


high. 


Thinking of private investments for a moment, why do 
they not include such secondary benefits as gains? They do 
not include such benefits as gains because they should not 
be included if resources are fully employed--from the stand- 
point of economic efficiency. 


The payments for additional inputs, which increase the 
firm's production, are relevant, but, since these 


1ipid., p. 285. 
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resources are drawn from marginal uses, these payments 

represent what the resources would be worth in alterna- 

tive uses. The only new value contributed by the pro- 

Jeces 1O be compared with, its costs, is the amount which 

the buyers of the new output would be willing to pay.t 

But if resources would be otherwise unemployed with- 

out the project, then the secondary benefits may be counted 
as gains, but only over the length of time the resources 
would be unemployed. This is because benefits, such as 


increased aggregate demand arising from increased employment 


would only be an advantage during a period of unemployment. 


What implication does this have on a cost-benefit 
analysis? The’ Federal Inter-Agency River Basin Committee has 
Suggested that the extent of unemployment be projected and 
the™secondary benefits~be calculated as (Salle. that 1s, calcu- 
late “the net income of resources without the DLO ECU. =» 11s 


view is in essence conflicting with that of McKean .* 


McKean does not seem to disagree with this method on 
eerogical basis, but on a basis of; the degree of certainty in 
thisemethod. First. he points out the difficulty in predict— 
ing the amount of unemployment and under-employment with and 
without the project, especially if it is a long range fore- 


cast which is the case if we deal with water projects.> £ Bee 


IucKean, Efficiency in Government, p. 158. 


RIpid.. p. 160. 


3Ipid., p. 160. 
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unemployment forecasts are only for short periods, then the 
benefits will be trivial in comparison to the projects! 
benefits, therefore having little or no Pari tence on the 


ranking of projects. 


MNGKeait also 1inds- itt very Gilrficult vo predice the 
effects of a project on employment especially when the rest 
of the federal budget is unknown. This prediction would be 
made with very little certainty, especially when the effect 
of the water resource budget on taxes and other government 


expenditures is also unknown. 


Another source of uncertainty would be caused by the 
fact that the analysis is prepared well before the decision 
to go ahead’on the project is made. If unemployment were to 
exist nationally before the project began and was decreased 
S@vereune proy;ecy ended’ then™secondary benefits should. be 
Gourced as gains to the economy. Yet. it should be remembered 
that secondary benefits should only be counted as national 


gains if unemployment does exist. 


What about the value of secondary benefits in regional 
growth?* Most of the secondary benefits arising from a pro- 
ject occur in the region in which the project is located. 


This stimulates regional growth and should be counted as a 


linid., pp. 162-163. 


, a aan 7, 
atid old .ebetusqd Pirate 191 


. 


ai 


'gIoekete oid ot por! :s4e9 a Spervias od “ifaw 


» 


io -es@oulin? Cc «6d oF Sat ee 
: : va 


Aig a : 
a } 

ae 

: yon 

> ; 

¢ 
© i 
" im “J 

& A ' 5 r= ae r p Ya? 
fit te . poLt't Fi roy JF ebalt oc bs raster 


- : j = : ba 
Seo% anv asdw yiletosodes Inoenyolqms he Jgosepeig & 9 


— #, + -¢ t ’ + a — ~ 
ed*hinew actistbend0 =f, .ovoantoy 2 gestud- i sxgbo% 4 


J rife v'% OY | aT. : 


jaelte sit sseciw vifat: .vickpines eidgt 
=a , , 
r P . : . > wt i aA . ney : . +>. ® 
SISUHISVOR teci7o brs zene no Jegbue estioast saga ion : 
: vont opie ve 
2 
ang YG Eye ‘ Sy 30 ‘ 1s! - aS Lo -Ssrae Oc 4 
yu! bi —, 
a a ee ae Bia ae er : 
HOLS IAD 2073 STORod. Liow PI, sGatg > tts ei a4. 2is & 
go! ey “gaam ’ or ti Ss *soetonrdy. sic mo 
os - . 
i ad 
boasakeorosb 3: f oeyed* rp i? evoted, wits 
: i 
; “oP as 
a ‘ =D ie 
ed bfoo if ersc yrphaondse Mehist babes reste 
od i 
bertedweme: sed fiLy +3} nohs sit od exihegy 
Feactisn ar eh Ct ath « tee . i. . — 
feacttsn en batrvice sd yvinn five est bend) ‘itil $e 
. 7 . 4 a as 
-Julixs 2scp Trenyotorsay 
x . 7 : ; Pe 
< ‘ » 
. -— 2 A tet ww ae bs ~ . “ + 
[enoiget oni eifierad yviashnesss 15 .culdey SA9 Juodé Ze 
° . 7 - c - i 


“09g 8 WO“? grielta off tensd yvabnGsee Sat Te, gen 
uae | Aah 
epeeaat of} ‘FaeG ery 4 arid no Lt w anger og a rn 

sot os J . 

' 3 oe . 


6 25 betnuas ad bivode bie aac Sakae 


* 


26 
gain to the region if the region is underdeveloped, that is, 
if it has idle resources. National secondary benefits, as 
opposed to the regional viewpoint, are not as important in 
that they are more difficult to identify and they are probably 
off-set somewhere in the economy--i.e. a project hires 
resources, but if there is full employment, resources must 
be attracted from other industries, therefore not being a 
benefit from a national point of view since unemployment has 
not been decreased. Also if one project was not undertaken, 
there would possibly be other projects undertaken somewhere 


else which would have similar secondary benefits. 


mMaene secondary effecvus are é6évaluated, they should be 
treated as additional considerations quite separate and 
less precisely defined than primary effects. Quantita- 
tive appraisal of the secondary effects of a particular 
project is quite apropriate but such estimates should 

be treated with caution because these effects are diffi- 
cult to identify and to measure.¢ 


tintangible effects may play an’important role in rank- 
ing projects especially from a regional viewpoint as well as 
National. But it may be very difficult to put a monetary 
value on these effects; nevertheless an effort should be 
made to quantify them as far as possible where they have an 
important effect on decision-making. 


*Sewell, Guitde to Benefit-Cost Analysis, ip. 18. 
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CHAPTER III 


INPUT-OUTPUT ANALYSIS 


inevpurpose Cf ,this chapter is’ to™probe into “the suse 
of input-output analysis in identifying the effects of pecun- 
iary externalities and secondary benefits on the regional 
economy ,in particular and the Peconomy "in general: \- Large ‘scare 
water projects have a macro-dynamic effect on the economy, 
usually extending far into the future. These effects are 
ietyetie wresult of pecuniary externalitades and secondary 
benefits which a cost-benefits analysis does not consider 
@mporvant.  Input-output analysis will then be examined for 
its ease and usefulness in estimating these pecuniary extern- 


alities and secondary benefits. 


Introduction 

Input-output analysis was originally developed by 
Professor Wassily Leontief,. The original table displayed 
the economic technical interdependence of every sector of 
the economy. This method of analysis has become widely used 
today, both on a national and regional basis. The small-area 
input-output models may deal with a single region or may 


take on an interregional characteristic. 


This tool, developed within the last century, fits 
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28 
wee nicelweinGoreconomic, statistics,,.om morevexactly into 
econometrics. The model itself may become very difficult and 
highly mathematical when the interdependence of the economy 
a8 Beem ved in detail. : But.for.the .basic idea underlying 
the input-output model, the explanation need not be compli- 
eated by mathematics... In the brief.description of input- 
output analysis which follows, the mathematics will be deleted 
and only a very simplified explanation of input-output analy- 


Sis eWall be given.+ 


Input-Output Models 

Essentially, an input-output model shows the connec- 
tions between all the sectors of the economy. The input- 
output table shows how the output of each sector is distribu- 
ted among other sectors of the economy and how the inputs of 
each sector are outputs of the other sectors. For this rea- 
son, input-output models may be very useful in showing the 


effects of a water resource project on the economy. 


The input-output model may be as detailed as desired 
so the expansion in the economy due to a water project may 


be followed through different industries and sectors. With 


laor a simplified, but very thorough explanation of 
input-output analysis, a suggested reading would be William 
H. Miernyk, The Elements of Input-Output Analysis, from which 
most of this chapter is taken. 
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this approach bottlenecks can be located during the expansion 
which may cause prices to rise or have some other adverse 
affect. on the water project. «Insights such as these will be 
reveal ens ins atidetailedt input-output analysis’ and would not 
be revealed in a cost-benefit analysis. The input-output 
analysis can be a significant aid in the planning of the 
project, bringing the economy closer to maximum production in 


the most economical way possible. 


Using input-output models as an aid in planning water 
rescurcepprojectstisshelpful,cbut sthe “methodsitsel fr nas’a 
number of drawbacks which must be considered. Data needed 
Poretve modeleis very difricultrtovcoblectye The labor'and 
Seocusofecolbectingothisedata deny e great, therefore limiting 
Ghéesusesof ide “haaer BuvioncSe@thetmodeDlis *const ructeds *it 


is very easily understood and followed. 


After the input-output table has been constructed, 
one can derive technical coefficients. By technical coeffic- 
fentseis meant the amount of inputs required from each sec- 
tor to produce one dollar's worth ‘of ‘output. With these 
technical coefficients the amount of direct purchases 
required from each sector as a result of an increase in demand 
for output of one sector can be adieu veauaan By making use of 
such technical coefficients, officials of the water resource 
project can tell what effect the project will have on other 


industries and regions within the economy. 
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This does not represent the total addition to output 
resulting from additional sales to the final demand sector. 
Jhevinerease invdemand will lead to both®*direct “and©indirect 
inereases in the output “of “all -industries. The indirect 
frereaees itn output are caused by the increase in. demand 
for output by industries who experienced the increase in 
final demand and so on as outputs of one sector are inputs of 
Proce: Sector. The effect appears to be much like a multi- 


Bicker efrect. 


Deriving these technical coefficients for the direct 
and indirect effects is an integral part of an input-output 
model. It shows the total expansion of input in all indus- 
tries as a result of the delivery of one dollar's worth of 
output paveiel tte processing sector. This table must have 
no negative aRtes0: This would mean that every time an 
industry expanded its output, its need for inputs would 


decline; an obvious economic contradiction. 


Regional Models 

Before World War II, input-output models were only 
usedsior Watibhal purposes. After the war, regional research 
became dominated by input-output models. The regional input- 
output model is similar to that of a national input-output 
model, but covers a smaller geographic area. Some inter- 
regional input-output models have been devised which include 


more than one region. The interregional model gives a 
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fairly clear picture of the flows between regions and with 
the use of the technical coefficients, the effects of a pro- 
Jeet on the’ flows and ultimately on the economic growth of 


the region and country as a whole can be determined. 


Interregional models are much more complex than 
national or regional models because the interindustry inter-— 
dependence and interregional interdependence must be blended. 
To date, economists have had very little success with this 
model because of the lack of detailed data on industry pur- 
Chases. and Sales by region. If reliable data were available 
eee caul, Lillis .anverregional model could be very userul. 

It would show how changes in demand in one region would affect 
other regions. This type of information would be very valu- 
naa eT) seal etane water resource projects, especially the 
benefits which are of the secondary nature. But because of 
Piper ticulty in obtaining data, most regional studies, use 
the balanced regional model which is just a national model 


disaggregated into regions. 


One variation of an interregional model was developed 
by Isard oor the Colorado River Basin which consisted of a 
series of six input-output tables, one for each sub-basin of 
the larger river basin. Isard constructed separate regional 
input-output tables for each of the six sub-basins and linked 
the tables together by import rows and export columns. 


Through this linkage it is possible to show how a change in 
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32 
demand in any one sub-basin will affect the level of activity 
in other sub-basins. This method used by Isard is one con- 
ceivable way of overcoming the complexity of the interregional 
model but yet keeping all the advantages of the interregional 


model..- 


Regional anne suudies differ significantly 
from interregional analysis. The basic model used in regional 
Sees es. Ss similar to, that, used in, the construction, of 
national input-output tables with the exception that regional 
Mocels are usually. made to,suit. local conditions. “Also 
Pepsonal. models are.moré»open than national models because 
regions.are more specialized and trade accounts for a greater 


proportion of. the transactions.~ 


In regional input-output models, there are two basic 
types. One type of regional model, much like the national 
model, has the import and export columns highly aggregated. 
iy ohne second type.,,imports and. exports, are disaggregated by 
Indusiry.and sector... This second type shows the interindus- 
try transactions within the region and also the detailed 


interindustry transactions between this region and another 


1 open in this context refers to trade with other sec- 
tors of the economy. Because regions tend to be specialized 
in production, the region will depend on other sectors of 
the economy for other goods and trade will account for a 
large part of the transactions in the input-output table. 
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region. This type of model is very useful in a structural 
analysis. The model shows sources of demand and the affect 


of increased demand on other industries and regions. 


These regional input-output models are primarily used 
in making regional impact studies and have a slight advantage 
over interregional models in that they are not as complex, 
but data is still very difficult to obtain; for example, reg- 
ional technical coefficients cannot be calculated without 
incurring high costs and a large amount of labor. Instead of 
calculating regional technical coefficients, national input 
coefficients are used. "The result in each case was a table 
Of interindustry flows based on the assumption that regional 
input patterns were identical to national input patterns. 
pug hts: Peopeicn imposes a severe limitation upon the use of, 


such input-output tables for analytical purposes! 


Use of Input-Output Models in Forecasting 

"ToCal and regional Impact studies are designed to 
measure the direct, indirect, and induced income and employ- 
ment effects of changes in final demand in one or more sectors 
of the local or regional economy ."* In the case under consid- 
eration here, the change in final demand would be caused by 


water projects. This impact study could conceivably give 


liaiiam H. Miernyk, The Elements of Input-Output Analy- 
sis (Random House, New York: 1967), pp. 66. 


erat. ve p. 69. 
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34 
Some insights into the effects of water projects on the econ- 
omy in general and especially on the regional economy in 
particular. The effect on the growth rate of the region and 
other benefits could be traced through the model and be a 
very important factor in evaluating the project. The input- 
output model would and should be an asset and aid in planning 
the project along with their use in projecting future economic 
conditions such as the amount of unemployment with the project 
and the amount without the project. Secondary benefits 
influencing economic growth could then be projected with the 
use of input-output tables with much more certainty. Also 
relative price changes can be predicted with more certainty 
enueune effect of these price changes on costs and benefits 


Can then be predicted. 


Input-Output Analysis and Forecasting 

To forecast consistently one must remember two major 
sveus; tirst it is necessary to project each sector's final 
demand, second, from this a new transactions table in the 
input-output model is projected on the basis of the projected 
final demand. But now there is the problem of allowing for 
change in structural coefficients when long term projections 
are needed such as in large scale water resource projects. 
For short term forecasts it is fairly safe to assume that the 
input coefficients will not change, at least not significantly. 


But in making long term projections this cannot be assumed. 
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35 
Now a dynamic input-output table is required which will be 


discussed later. 


From this new transactions table, consistent forecast- 
ing sounds simple. With an up-to-date input-output model, 
short term. consistent forecasting is relatively simple. The 
accuracy of the interindustry projections will depend upon 
the accuracy of the final demand projections. But even when 
there are errors in, final: demand projections, the interindus- 
try forecasts may be useful. For Long, term forecasts, the 
Gabe muse be made dynamic to,account,:for, relative ;price 
changes, the entry, of new -industries,,.and,technological changes. 
These..three .occurrances affect..the technical coefficients in 
bhe table and change the Hea Therefore the effect 
oreach must be estimated and accounted for by making the 


model dynamic. 


First, changes in relative prices and their effects 
Gn coefficients will be examined..r If relative prices change 
during the period of projection, then it is possible that 
-input mix and therefore technical coefficients will change; 
but inputs must be-substitutes as the case may be between 


labor and capital. If labor prices rise while capital prices 


tPor a detailed study on economic forecasting see: 
Jacob Mincer, Economic Forecasts and Expectations (New York: 
Columbia University Press, 1969). 
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36 
remain approximately the same, then capital may be substi- 
tuted for labor. This may affect a number of input coeffic- 
ients. The share of total payments to labor declines, and 
when more machinery is used, inputs of electric energy will 
be increased. These affects must be taken into account in a 


PoUPee ermeprojection, if it isto be accurate. 


The appearance of new industries may also throw the 
long term projections off to some extent. For example, the 
development of the computer industry during the 1950's had a 
wery darge effect on input.coefficientsr»and.iff technical coef- 
ficients did not account for this, then projections would be 


incorrect by a considerable degree. 


Technological changes are bound to effect technical 
Peete tents and static input-output models do not account for 
“igneenances. This jis the most serious criticism of long term 
Sualic input-output models since in these types of models it 
vous Soumeida bhatsa the. techniealy coefficients, are. fixed;.indeed, 
the long term technological developments are bound to occur 
and affect input patterns. But these technological changes 
are easier to account for in the input-output model than the 
other types of changes. The input-output model must be made 
dynamic in order to account for the technological change in 
the long run. This operational dynamic input-output model 


will improve the accuracy of forecasts and will permit longer 


term forecasts. Making this model dynamic in such a way as 
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SY 
bOVbGyOFr usesin*water resource projects is a’ difficult’ task. 
But firstilet us-look-atvhow the static model ’can be of’ help 


anevaver-resource projects “using shert *véerm'- forecasts; 


The Static Input-Output Model and Water Resource Projects 
With an input-output model a detailed projection of 
output for the economy can be made. For example, if the main 
aim of the’ water project is irrigation, then the first step 
would be to project the final demand for farm products. Then 
from the input-output model, the demand for fertilizer, labor, 
farm machinery, steel and so on can be forecasted. From this 
the primary benefits of the project can be determined and with 
knowledge of future idle capacity in the economy, secondary 
benefits may also be determined with much more certainty and 
CGnSsiS tency en under a cost-benefit analysis. This provides 


a very helpful guide to decision makers. 


To be helpful to decision makers economists must deter- 
mine the best way to measure the simpacv. “thes project nas--on 
employment, income and output. Here we are interested in Pre 
details of the overall impact rather than just the multiplier 
effect. For example, in the water resource project there 
will be an immediate impact on the construction industry but 
how will this impact affect other sectors of the economy? - 
Through the input-output model, the impact on other industries 
most directly affected can be measured with ood € difficulty. 


Increased employment and income can be measured with a fair 
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38 
amount of ease when a detailed input-output table is used. 
The detail of the table will depend on the amount of informa- 


tion wanted and the desired detail of the information. 


To obtain information on income from the input-output 


Gaple weymustrdevelop;sectoralemultipliers...To do.this the 
transaction table is closed with respect to households; that 
deemieuscholdseareamoved.into the processing.section.of the 
mabtertrom the.final demand section. .Now,.a new.table. of tech- 
peeenacOcrficients.~must be cabculated. »The household, techni- 
PCavecoeciiicients..wildlstheni give us the, value,of.labor needed 
Coro, ooucer one doldarsof final, output..). This new. table also 
provides us with information about the degree of labor inten- 


Sau Youn. Gach. industry. 


The next step in making an input-output multiplier 
Suelvers. 16 to compute direct and indirect requirements per 
dollar of final demand including households in the processing 
Sector.. this then shows the total dollar production directly 
and indirectly required from the industries and households 
per dollar of final demand. It is now possible to compute 
income multipliers for the industries in the processing sec- 
Paotene Tho: types .of, multipliers. may be computed. the fies. 
type is just an income multiplier since it just takes into 
account direct and indirect changes in income resulting from 
an increase of one dollar in output. The second type of 


multiplier is more realistic. It takes into account the 
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39 
direct and indirect effects indicated by the input-output model 
plus the induced changes in income resulting from increased 
consumer spending. The second multiplier will always be lar- 


mer vlan the first. 


What information will these multipliers give us which 
could be helpful in planning water resource projects? From 
them we can observe different amounts of income generated by 
different. industries even though the output of each industry 
expands by the same amount. The first type of multiplier merely 
reveals the direct and indirect effects on income when output 
is expanded, but the second type of multiplier shows "the 
chain reaction of interindustry reactions in income, output, 
Bioewice more On. consumer expenditures."* Through these mul- 
Puowters £F Ls pResibie bo predicyu, Une etrecy Cire” Water, pro— 
ject will have on income of both those directly involved with 
the project and directly benefitting from the project, i.e. 
farmers and others such as merchants and suppliers indirectly 


involved with the project. 


Income changes through the multiplier effect will be 
much larger the greater the interdependence within the economy 
and the lesser the economy depends on imports. Also large 
direct income changes are not associated with large multi- 


pliers because the indirect effects may be smaller. Why is 
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this the case? The reason seems to be that if an industry 
which depends to a large extent on labor and not on many 
other inputs it will probably have fewer transactions with 
other industries. An industry which utilizes a pone derenie: 
amount of capital equipment will usually have many transac- 
tions with other industries. When industries use a great deal 
of capital, the multiplier effect will be larger since the 
Seprecte Will be felt in other industries and in. a larger part 


of the economy. 


There are a few technical problems in computing these 
multipliers which place some limitations on the use and sig- 
nificance of the multipliers and should. therefore be recognized. 
Thesiirst problem, .especially with water sresource projects, 
is the regional basis on which the desired multipliers must 
bercmpirically based. But because of lack of data on consumer 
spending patterns in regions, we are faced with the problem 
of derivation of multipliers. This may be overcome by using 
national data or by assuming consumption expenditures are pro- 
pOrcvional to iofomes But here the consumption functions are 
aggregate and may very easily overstate the income effects of 


change in final demand. Yet these sectoral multipliers are 


lprederick T. Moore and James W. Peterson, "Regional 
Analysis: An Interindustry Model of Utah," The Review of 
Economics and Statistics (Vol. 37, November, 1955), pp. 376- 
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more useful and revealing than aggregate multipliers for many 


analytical purposes. 


It is also desirable to estimate the employment 
efiects of water projects.,..Once, the: required, input-output 
model has been constructed, employment multipliers may be con- 
Structed which will help in.estimating.the,..employment,.effects 
of the project. This employment multiplier is based on the 
attraction of industries to the general area in which the 
water project is located. These industries will be attracted 
Pome eceneral area because the hydro power is an important 
Meee oie Andustries, or ai it Us. an.irrigation project, 
Mires Will De avltracted ‘tO the area because farmers “are 


their main market or their products are farm inputs. 


The first step in deriving the multiplier is to esti- 
mate the number of industries attracted. to the area. ..The 
shift in production from other areas must also be estimated 
since this will decrease employment in other areas of the 
economy. Next production-employment relationship must be 
estimated and the estimate of the amount and kind of inputs 
used by each industry. In estimating the use of inputs, an 
input-output table is utilized. Each of the coefficients in 
the table is multiplied by the dollar volume of expected pro- 
duction. This results in the total input requirements. Now 
from these input requirements, it must be estimated how much 


will be produced in the area. The employment multiplier is 
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Ho 
now derived by computing a series of rounds of expansions. 
The first round was computed by applying the percentage of 
input requirements to be produced in the area to the total 
input requirement. This procedure was applied successively 
until several rounds have been computed. After the Bae ihe 
been computed, sum to find the total of the expansions. Then 
from the emp loyment-production relationship, employment is 


estimated. 


Dynamic Input-Output Models 

LOCeLOne. run spare VRS ast from an input-output model 
to be accruate it must be made dynamic, otherwise the projec- 
tions could be quite misleading because the economy most 
likely has eee ete ey eee ee changes with technolog- 
ical advances. The static input-output model assumes fixed 
technical,-coefficients and.does not.allow.for.structural.chan- 
Ses. athese,fixed,coefficientsxassume constant returns to 
scale which is highly unlikely in most industries. For this 
reason input-output tables are very useful for describing 
the structure of the economy but economists have criticized 
the value of its predictive content mainly because of its 


static nature. 


he development of the empirical dynamic input-output 
model is still in the early stages but methods have been sug- 
gested for the dynamic model. The link between the dynamic 


input-output model and the static input-output model Seca 
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43 
table of incremental capital coefficients. For a complete 
dynamic model, other changes must be accounted for, such as 
Shifts in demand. But the major requirement for industrial 
analysis is a complete description of the capital structure 
of the economy. But in this section a simple dynamic model, 
not depending on capital coefficients, will be described. 
"The model is based on the assumption that at any given time 
some establishments in an industry are more advanced than 
others, and that the input patterns of the 'best practice’ 
firms in an industry can be used to project the average input 


patterns of that. industry at some time in the future." 


The assumption is made that long-run changes in techni- 
Cal coefficients are due to a combination of changes~-in 
relative prices; and technological progress, and that 
Daese changes will be rertlected. in the technical coeific— 
sents <off--he sibest.. practice’ firms «uring the. base period. 
it is also assumed that the technical coefficients will 
be eatfected «by -changes .jim interregional trade patterns, 
and that some of these changes can be anticipated by 
analysis of long run trends.¢ 


In describing the method by which the dynamic input- 
output table is derived, Miernyk's description and example 


will be followed very closely. 


The first logical step would be to identify the ‘best 


practice' firms in the industries with which we are concerned. 
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3tpid., pp. 118-125. 
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Hy 
First we must assume firms comprising an industry produce 
identical products, but their inputs are not the same. Also 
these firms will be of different ages, some of which will use 
Older equipment and employ less efficient production processes. 
"In brief, the technical coefficients of a static input-output 
model represents the average input patterns of all the firms 
in the industry. "* But there will be a large variance of tech- 
Bical, coefficients around, the. average.,~,Miernykis idea-is¢to 
"identify a sample of firms which are above average in terms 
of productivity on the assumption that this sub-sample of 
firms will be representative of the average firm at some time 


in the pirurer ts 


Now the productivity of the firms must be measured. 
This may be done by expressing outputs in terms of man-hour 
fipuvs or outputs in terms of combined capital and labor in- 
puts. From either one of these methods productivity ratios 
can be derived. Now the firms are ranked by their productiv- 
Peyeractios. When, the input ‘coefficients. of the firms above 
the average are computed, the results are then considered 
representative of the average technical coefficients of the 


industry at some future time. 


From the new technical coefficients, a new table of 


IMiernyk, Input-Output Analysis, p. 118. 
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45 
direct and indirect coefficients per dollar of final demand 
can be computed. The new table of direct and indirect requi- 
rements per dollar of final demand is then applied to the final 
Semend proj,ections to obtain a table for interindustry trans- 


actions for a future year. 


This simple input-output model could be made more 
dynamic. The model requires a certain amount of judgment, 
for example in Selecting, the bestepractice. firms, Also it is 
note certain. that. the input patterns of future firms will 
resemble the input patterns of the best practice firms now. 
This model merely gives a set of projections which typically 
have a margin of error in a free-market economy. But even 
with this margin of error, because of the judment involved, 
the dynamic model with changing coefficients could result in 
better projections than the projections resulting from a 


SEat ic. mode li. 


Input-Output Models Improved With Specialized Coefficients 
Input-output models have been used in Bradt cette 

even though they are static. myer forecast has a certain 

margin of errors because of uncertainties, but this margin 

cannot be too wide. Then why have input-output models been 

used in predicting? Other methods of predicting deal with | 

aggregates which have limited use, whereas input-output models 


deal with industries and sectors in detail, making them much 


more useful. When compared to the multiple-regression method, 
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46 
this margin of error in static input-output models was reason- 
able and the input-output model has come off quite well.+ 


But the input-output models still need improving. 


We can Hippos the input-output model by introducing 
specialized input coefficients. For example, if we derive 
faooreinpuc coefficients which show Labor inputs, in physical 
Peemoy per unit of output, then one can derive employment 
effects of a project. Another example of a specialized coef- 
ficient is a .water-use coeffictent.: This coefficient gives 
the amount of water needed per unit of output in different 
Mdustrieci.un. For awater, resourcenprojects iy this! coefficient 
could be very useful. Water needs could be projected into 
the future and we would be able to predict with much more 
certainty the type of industry which will be attracted by a 
water resource project and also employment benefits. But 
because the input-output model "is limited to the flow of 
current transactions and because of its fixed coefficients, 
the applicability of the static model is limited to short- 
run anelysis."° For use in long run predictions we must work 


with a dynamic input-output model. 


The Need for a Macro-Dynamic Input-Output Model 


Most large-scale water resource projects are of a 
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2Ipid., p. 113. 


-~pescet Ser < Lemor ti rSus wi TESLA 
3 ,titew etiap Wo sano°9 - 
: sah ivo' oe 
uy : avo tquk obs ee 
| ¢ rt : ‘ ¥, ) | ‘i 
t [ , 
5 ; . -troaroatr@rs tier boat 
>i. 4 
dw Bone lofTtgso9 3 
'e. Hit hy 7 ee j 
¥ ' 
Th - "Wi 2 j f { 1 : TUG ) co = eee To" rh: : 
‘- _ o owas sri 7 7 $55 he pee | a a +} © 4 
n y ark io de ; Suh oy et 
at tee) Oe & i - i : 4 
5 —e > ‘ is ee it. eae 
avian IhetoT , ‘faba tRTaHe (oan Tey & at. NOs 
| , of z ie ott 
a ae a> 
j a7 24 P Feb swat Tavs 2s & one 1k 
aft ¢ : 
iin 
Hibror"tagd * a tu | 
wins 4 ¥ 
— : 
c ti } f 4 f } > t A Egj bie + ‘TOV 
(« ALyouy ew Dee 
7 ' Pas 
he 
= Ba y'ah T ¢ j richie. 1@ SNe Sa 
i a) ‘ & eb: } I — 
: 5 
| t [ Fe fc i any foa or * 
iy db wo fF PS f ryt “penalty >? 5 i= Oita ot > COs. aA F. : = x: 


@ : 
3 if 4 i 
+ patti ti3at” labor retuosoal ane = 
ae 3 - , 
deat oh ago, hawt? 23h ho, geese s\ ORS Sites Orta 
/ t Iciat* ) PT Aas A mre el iF s . Be 


» i 


tees of. ba¢hnti et Isbom olsase ate To cot Lbdwon me 
/ > ay © a o~ 2) a ns 


r " at not Se 5 iT , * le | » 
H70OW Geyer ow enoits cbetGg, MUN Btod 314 ae Bea | ed 
: ; \ ; ‘ e 7 on 
. {shoo tot duo- ug ant alae 


a - 


: . be 
Dy, : . ; ; ; = 


cD 
: fsbok Hiatwo-—tuEm. B! yd O% 525M 


i > 4 : 
"te -ens gtesks ap aorige st asigwh aeoreogiat 


ey % ee 


i) 
long term nature and affect more than one region of the econ- 
omy and may affect the economic growth of the whole economy. 
For this reason a method of analysis which is macro and dyna- 
mic is needed. Without these two characteristics, the total 
eriecv sof ithe: water resource project>:cannot, be: projected mor 
can an estimate of the macro secondary effects both stemming 


from or induced by the resource project. 


Input-output analysis has the advantage of being able 
to trace pecuniary externalities and secondary benefits of 
Wouer resource projects assuming the benefits are subject to 
the operation of the price mechanism. These pecuniary exter- 
nalities and secondary benefits usually are of a macro nature, 
affecting more than one sector of the economy and more than 
one industry. The input-output model can be constructed to 
cover aslarge a region as one wishes and as many industries 
as one wishes. * It can be highly aggregated, as it usually is 
because of the very complicated nature of the disaggregated 


model and also because of the difficulty in obtaining data. 


The input-output table must be made dynamic because 
of the long term nature of large water resource projects. As 
has already been mentioned, when long term projections are 
needed the model must be dynamic because of technological 
changes and other affects which occur over long periods which 
will cause the technical coefficients of the input-output 


table to change. 
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Since externalities and secondary benefits have a 
taree influence on the economic growth of a’ region, and 
depending on the size of the project, on the general economy, 
it is very important to the decision-maker to have a know- 
ledge of these externalities and secondary benefits when the 
project is still in the planning stages. Input-output models 
of the dynamic nature can give such information to the decis- 
ion maker with, like any other forecasting tool, a margin of 
[Cut tibks margin of error, for the most part, is caused by 
the forecasting of future demand and the effect the project 
will have on future demand. The dynamic coefficients will 
be the cause of some error but the projection of interindus- 
te eoctivily wlll be more accurate than if static coeffic- 
tents had been used. But’ this hypothesis has yet to be 


substantiated by fact. 


Where a dynamic macro tool is needed, as in large 
scale water resource projects, cost-benefit analysis is not 
enough. Cost-benefit analysis lacks in the macro nature of 
input-output tables and deals primarily with direct costs and 
benefits when analysing a project. Externalities and secon- 
dary benefits and costs are considered only insofar as they 
can be determined by another method of forecasting. The 
cost-benefit analysis is primarily concerned with the immedi- 
Bteverreet. of the project on the region: It is more of*a 


micro ‘static tool which is not sufficient for large projects. 
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49 
The cost-benefit analysis is most effectively used in 
ranking projects in co-operation with an input-output model. 
Hewever, cince data is very difficult to collect for input— 
output models, we may be forced to use cost-benefit analysis 
picne.es Also, cost-benefit analysis may be useful in small, 
local water resource projects where no secondary benefits or 


externalities of a pecuniary nature are involved. 
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CHAPTER IV 
AGGLOMERATION AND WATER RESOURCE ALLOCATION 
Introduction 
Economres “may be “iInvernal tothe firm? such as econ- 
OMtes OL large ‘scale “productions external to the firm and 
internal to the industry, such as backward and forward link- 
fol exvcitnal, to the industry, Such'*as uUrvanizarion ccon— 
Omece. these economies “are the basts” of agelomeration theory 
Syaemeas) VecoMme COniLused very “Easily but “are the scurce or 


Pepeteeveier ice accruingc tO resource projects’. 


Agglomeration is the attraction of tone firm some ioe 
rey (or anogherrs the pattraction of industries sbo.gan vaned 
through agglomeration economies may be caused by the lowering 
of costs through: (1) economies of scale, (2) backward and 
forward linkages, (3) localization economies, and (4) urbani- 


zation economies. 


Economies of scale induce agglomeration through reduc- 
ing the costs per unit of output as production is agglomerated 
and expanded. Localization economies are economies gained by 
an industry locating near the source of inputs, such as raw 
materials, or near the market. Thus firms using the same 
input, such as hydro electric power, will be induced to agglom- 
erate near the area where the input is produced. In many 
cases, by locating near the supplier or the market, a firm 
saves on transportation costs, therefore inducing agglomera- 


tion. Urbanization economies are economies gained by many 
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firms and industries locating in a general area. In this man- 
ner the population is increased and services such as water 
and highways become cheaper. Urbanization economies in this 


manner also become inducive factors of agglomeration. 


Backward and forward linkages are also an important 
influence in bringing industries close together. By backward 
linkage effects we mean the process by which industries 
attempt to induce the development of suppliers to supply them 
with domestic inputs. By forward linkage effects we mean the 
process by which industries induce activities to rise their 
outputs as inputs. As a result, forward and backward linkages 


become a factor of agglomeration. 


Mierencrar, this chapter will examine these agglomer- 
ative factors with setae reference to water resource pro- 
weces.) Once the factors of agglomeration are examined, there 
will be an attempt to show the relevance of these factors to 


water resource projects. 


Economies of Scale 

Large-scale economies can affect the location of pro- 
duction. Suppose there are two companies supplying the market 
ina particular area. If both companies had similar cost 
patterns, then each would supply the closest market (ceteris 
paribus other factors). -Transportation Ate would make it 
unprofitable for one company to enter a territory close to 


the other company. But now suppose the cost patterns of 
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each company were not the same in that as one company produces 
more, costs fall below that of the other company sufficiently 
to cover increased transportation costs as the company moves 
into the market of the other company which experienced econo- 
mbes: of (large «scale production. This would be ia desirable 
shift in production since the saving experiences from the 
increased production is greater than the increased transporta- 


Laon. COsts. 


Secondary effects of economies of large scale produc- 
tion may occur as the company produces on a larger scale. 
The process of production may become so specialized that pro- 
OMe Oma). «<require.the ,use,of-highlypspecialized input, such 
aaa yaro re lect ric.powen.,.,fhese inputs -cannot..be fully, util-— 
176.0..D,) -One ag Sek If the agglomeration: effects,of ,econo- 
mies of .large scale production is great enough, then such 
Specialized inputs may be used by many companies attracted to 
the area, each of which cannot fully.utilize the input alone. 
Such specialized inputs must then become the basis of inde- 
pendent auxiliary industries supplying the other industries 
with services. As hydro power plants develop, again econo- 
mies of large scale production is experienced, resulting in 
cheaper hydro power. This then attracts more industries, 
which have hydro electric power as an important input, to 


the area therefore aiding in the development of the area. 


There may even be further agglomeration effects if 


the need for maintenance of the plants and machinery is 
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29 
greater as a result of economies of large scale production. 
In such cases the maintenance department may be expanded to 
Supply extra services. This will also. become a factor of 
agglomeration as the area develops. Work will become more 
specialized with economies of large scale production in both 


maintenance and production. 


Large-scale production B60, Leadssto Saving in buying 
raw materials and other inputs, and marketing because these 
functions can also~be carried on a much largerscale; a fur- 
CDner inducement for a plant to expand. "Phe isolated large- 
scale plant is more effective than Be small one because it 
Poneouygeand sell ona large scale, thus eliminating the. mid-— 
dleman."~ Further economies can still be developed by the 
werce plant developing its ‘own market for its materials, tak-— 
ing» the materials, in the necessary quality and quantity. when 
the need arises. Small plants must buytheir materials in 
edvance,andi store them,- therefore dosing .interest..on..the. capi- 
tal invested and incurring an extra storage cost. “Also gen- 
eral overhead costs fall as the plant expands in size and in 
general as a plant agglomerates all its departments in one 
area. "Gas, water mains, streets, the whole ‘general appara- 


tus will become cheaper for the individual enterprise at the 


on Privedprick, ed. , Alfred Weber’ s«Theory of’ Location 
of Industries (Chicago: The University of Chicago Press, 
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54 
high level of technical development and effective utilization 


made possible through social agglomeration." 


Also, in marketing the See agglomeration permits 
economies because the concentrated industry produces a sort 
of large unified market for its products. The whole marketing 
organization of the industry could possibly be dispensed with 
because of the development of visits and direct buying at the 


place of production which could replace travelling salesmen. 


Economies of large age productton el s.4a ee actorror 
agglomeration, i.e. induces agglomeration and agglomeration 
induces economies of large scale production and marketing. 
They both work to induce the other and together improve gen- 


Prev eecononic ci fictency. 


Localization Economies 

Peiweelomeration and Transportation Orientation. Localiza-— 
tion economies is a more controversial topic in agglomeration 
theory than economies of scale. The controversy actually 

lies within the influence localization economies has on agglom- 
eration economies.. Weber raised the question as to what influ- 
ence localization economies has on agglomeration and he pro- 


VLded precise answers. 


The center of agglomeration must obviously lie within 
the common segments of the critical isodapanes, for 
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within these common segments lie the points at which pro- 
duction may be concentrated without prohibitive deviation 
costs. .. . But where will the center of agglomeration 
pctuaiey oe located? iIt-will be located at that one of 
the several possible points of agglomeration which has 
the lowest transportation costs in relation to the total 
agglomeration output.1l 


_in this connection the critical isodapane for any unit 
Giniproductior issthat *Locus: tof ‘points rfor seacinrof, whi chy 
transport costs in assembling the raw materials and 
Shipping the finished product exceed the corresponding 
transport costs associated with the optimal transport 
DOintmthy aicconstant «ancuntive Thrsiveancuntimts iequabitc 
the economies of agglomeration that would be realized 
by association with the assumed unit of agglomeration. 

In other words, the center of agglomeration will be 
the point where transportation costs are at a minimum. For 
example, it is cheaper to transport small inputs to a point 
Sreorognetton than it is to transport large inputs to the 
place of production. Therefore "the large units of production 
Wille attract the smaller units to locations near the former's 
Poicaned minimum points, and will there fix the center of 


5 


agglomerations." 


When there exists more than one possible location in 


which agglomeration may occur, agglomeration will still occur 


Wibid., p. 138. 


ewalter Isard, Location and Space-Economy (Cambridge: 
The Massachusetts Institute of Technology, 1956), p. 176. 


30.5, Friedrich, Alfred Weber's Theory of Location of 
Picuscries , p.. 138. 
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at the location which yields minimum transportation costs. 

The isolated units of production will not agglomerate 

arbitrarily or indifferently with any of the others near 

them; but rather they will agglomerate with those smal- 

lest units which just suffice to make up a requisite 

unit of agglomeration, and which they can attract 

farthest to themselves, attracting first the smaller ones 

and then going upward in the scale to the larger ones. 

Labor locations also have a significant influence on 

agglomeration. Production tends to center around locations 
where cheap labor is available as well as agglomeration econ- 
omies.. If materials used in production as well as the market 
PeoecoiesOrOouuctls are located with the labor, this will streng— 
Poem ue ecenver Of agpelomeration. But while Labor will -con-= 
Pues LOmUCeas accor Of “agolomeration, the matertals used-as 
Pouca mlire production Wildseventually be eliminated. =~ “in 
agglomeration, the geographical position of the attracting 
place of agglomeration is affected, since its position itself 
depends in part upon the exhausted materials. This may change 
the whole basis of agglomeration. Now a new position may be 
selected as the center of agglomeration, but the separation 


from the old basis is not complete; the old deposits still 


continue to effect the process of agglomeration. 


Now then, according to Weber, the only factors which 
need to be considered as the basis of a new location for the 


center of agglomeration are; "(1) the centers of consumption 


eibid = ip. 6140. 
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which are to be served from this point of agglomeration and 


(2) the sources of materials which remain in use oF 


This is where one finds Weber's analysis a bit unrea- 
listic. If a firm is already well-established in the area, 
with permanent structures, then it becomes very unlikely that 
the firm will move. It would seem logical that the firm will 
transport inputs to the original structures. For new firms 
not yet situated Weber's analysis is realistic but has limited 
application, especially in understanding the forces which 


determine the site at which agglomeration will take place. 


Imagine an entrepreneur who controls three units of pro- 
muction and who confronts the location problem. . . . 
Considering the locational polygon of raw material 
sources and markets relevant for each unit and assuming 
treaineconomissrofcscalée are nNoveoperative , he »could 
pecavercach unit--ateits optimal transport point.” Or. 
MeBCouldsalocave thesthree=unics adjacent-to-each other 
at a center of agglomeration thereby achieving localiza- 
tion economies but only by incurring larger transporta- 
iron coste. This sone type of situation«<to which 
Weber's scheme has most application. In this type of 
Suvuacton, each unit of production may be visualized as 
substituting transport outlays for production outlays 

of one sort or another when it shifts to the center of 
agglomeration. 


But due to the transportation rate structure, buyers 


and sellers: will be brought together therefore achieving both 


savings in transportation and localization economies. 


lipid. jiporl42. 


ewalter Isard, Location and Space-Economy, p. 179. 


woe 


© 
wae es ars 
\ ~“ = n i > Ps : 
t 


- We: 4 ue 


; : . ~ ' “>a ra 
bon CAT eh eb teers riw UNG ra seo a8 


ie ae 7 haste te 
4 i ' { 
wv ; PP x A 


geri 324 @ etetlerc =’ 1SdeW ebwht Aae ei acdiw. % at ‘eb an 


‘ cr £ : eee eh 
c+? ¢ Ss ap 'e : fy a vi Boer = ans a Se 
- i. sh « ~< 
E ' 
’ 7 s l« P fas Vv 7 2 whe OA@, iy ¢ e 
5 i.™ A 14, ¥ é 
i r 
Weie ri wir 
Fhe eee ait gaecdat f ; aw > 3 woven 1 
» | t oe ne W = } 
a oe aol ~, Ss ter 
e! : ai toe Sf 73 -8 3579 
7 de er aa .. 


J ; i. 

‘Butt eed Sud obee! ' vfens oo esecsy patavtte de 
imif esd Ja LY we 
; ¥ 


7 } ar aa 
if 2 ’ 7 ‘ os ‘ hes pee 4) 
; t ms + = 
C9510 iF Lis raw aS 
ow ws ned 
‘ 
? 
ys a Ba: ¢ 2 he eet 9 f 5 Lt ary ¥ he (FE | 
— $ , : ~The : 
+e —. 4 ri i f 
: : ote 4 A ty oa, 
. 
r a f . 
r Ty 2» &, 1 
is “i 2 hi 7 2 4 =i% im 
_ = 2 
Det Orie im 9 32 HLS Dae 
r ‘ 
® ar Po 
fiupeo on dvi 1 3 e to setae 
# ‘ - 
> : a 
e * te Ly 
yi) . weet “ 3° JS egte Lo Es, 
. ui 
» ie oa ae 8 
_ a waa : i 7 7 ine g 4 bb.) Law _, : be La Be 3) 'uoo 2 : t 
HAs ieVeo > 2 3 P r ’ 
H t ' . a re oa ’ ai : 
«f or ef ry y - 4 + 3 Pi “i e y Picaas cei }¢ tra [ye J] oe — pany, €, JESS he 7 7: : 
a 5 ao La ¥ lt ms ‘ : 
, - > as r fA yi ’ be 
7 Tt) $2 ; Sh) pans oe (i “ts Sa” Vey lie ae ae bit OTe As 
> q 
“4 . ¢ . = vv « La | . 0! t 
mm, craw » eo 2 ’ : é 14 i 34 Go a ae i3 . es #3 5. fi 
tC! = we . : t 
bad Z — ~ ‘1 
: - : \ . a nie aS beg get etcas ch a +f ~ 
se) suy 3 THs 14 . } Ee: io f i in > ost) SAI es i S| 5 e 
.& ; 2” : fe 
, : 4 f % ot % os isan nes ah 4 
$8 be % a0 Vem. wei 3% tid dugg i ere re 
apt yaa + is Ss ite “ d - ; : 7 
<< 


ye J4ue. nolsouBoto “ed sve iO ategength) sia Jf edee, 
So “etdes enti oF 20tfui2 i) agi’ s9adOrme 70 Mb ano. > 
: >, fo lytsratel Lys . 


ae oras 


58 
Because of terminal costs and the high costs associated 
with loading and unloading, transportation rates usually 
NGG With aeiteninielal sharser Aferes shy order *to 
avoid paying the high initial cost twice, once on inputs 
endsacaiy or-outputs ;*it@is profitable for a firm with 
one market and one source of supply to locate either at 
the market or at the source of supply. Ordinarily the 
transportation rate structure discourages intermediate 
locations.1 
This transportation rate structure therefore has a very notic- 
able effect on the center of agglomeration and Weber's analy- 


sis is very relevant. 


hoOWweranOUicrn=prolplem=presenve =irecloy tliizs “15 sewhere 
mere erie rem Locate, “al =themarkel “oreav tiie source "of *sup— 
ory Here ae¢ain “transportation raves “are influential since 
the transportation costs are determined by the weight of the 
goods’ being transported.» As Weber has pointed out, if the 
inpucs are heavy and bulky, then the firm will locate near 
the source of supply while if the finished product is more 
SoslLby to transport » then *the’firm will -locate-rear the market. 
Also very often freight rates discriminate against finished 
goods since the demand for transporting these goods is rela- 
fivelyeinelastic.  This*will induce*.the firm to locate near 
the market causing the market forces to be a factor of agglom- 


eration. 


om Richter, The Impact of Industrial Linkages on 
Geographic Association (unpublished Ph.D. dissertation, 
Pare G er Mls le NOG DOG t eDee h 
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52 
B. Agglomeration and Labor Orientation. What is the result 
if the forces of agglomeration are considered for industries 


oriented at the labor locations? 


When agglomerative forces appear in an industry oriented 
toward labor, there takes place a competition between 

the agglomerative deviation and the labor deviation, a 
Struggle to create ‘locations of agglomeration' as com- 
pared with ‘labor locations,' both being upon the founda- 
tions of the transportation groundwork. That one of: the 
two forces which can offer the greater net economies 

over and above the transportation orientation will be 
CheavictLor. 


We cannot compare the net economies of locations of 
agglomeration with labor locations to discover which will be 
chosen by the.firm* because; labor locations, may be.a.point. of 
agglomeration. The economies of agglomeration will be sepa- 
rave andwdistianet; fromthe economies, of Jabor: which, attract 
industry toward a particular labor location. 

These economies must therefore be added to the economies 
of labor if we wish to know the total amount of economies 
with which the labor locations compete with the purely 
bransportational, locations, of.agglomeration.,. The, ques- 
tion then is, .whichyis- larger, the economies of. agelom— 


eration, or the economies of labor plus the economies of 
accidental agglomeration at the labor locations? 


From this analysis, firms who obtain economies from accidental 


eye Mrieorich, Aifred Weber's Theory of Location of 
Puous@rles, Pa Lo/. 


le i ae DO 29/7. Accidental aeezlomeration is a dabor 
location which is itself a point of agglomeration. Pure 
agglomeration is a transportation location without other econ- 
omies. 
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60 
agglomeration and from labor locations which are as great as 
or greater than the economies from pure and independent 
agglomeration, which has as a basis transportation costs, will 


revain their dabor: orientation, 


Bus the selection of labor locations can lead to fac- 


tors of agglomeration within such locations. 


First, industries with a highly developed labor orienta- 
tion have a selection of labor locations due to the com- 
petition of such locations with one another. This very 
process of selection causes a considerable accidental 
agglomeration at the more favorable labor locations; 
labor orientation itself shows a tendency to agglomer- 
eateriomecond, the strength of this tendency to aggelomer— 
ate depends upon three of the four factors upon which 
the strength of the independent tendency toward agglom- 
PA uon dependsse Locational weight, rates of transpor- 
tation, and density of population affect labor orienta- 
tion and its accompanying accidental agglomeration in the 
Same way and just as much as they affect the competing 
independent or pure agglomeration.1l 


The addition of economies of agglomeration to labor 
economies will strengthen labor orientation. For wherever 
the accidental agglomerations caused by the labor locations 
are larger than any possible independent agglomerations within 
the groundwork of transport orientation, the balance between 
the two is added to the economies of the labor location and 
this strengthens the power of attraction of the labor loca- 


tion. Due to the additional economies of accidental 
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61 
agglomeration, labor orientation as a whole will prevail over 
transport orientation where it would not otherwise prevail. 
Also within the labor orientation of the industries the strong 
labor locations, because of cost reductions, get a further 
advantage because the amount of production attracted to the 
1eGation is#itselrea factorroftagelomeration. esThisewill 
attract production from weaker locations further strengthening 
tnevilabor- location. "The essential effect which the tenden- 
cies to agglomeration will have on labor orientation is to 
increase its inhererit tendencies toward concentration at a 


few Teestions."— 


Urbanization Economies 
Urbanization economies are much like localization 


economies. 


In the study of urbanization economies we face 


(1) economies which stem from a higher level use of 

the general apparatus of an urban structure. . .; and 
(2) diseconomies engendered by rises in the cost of 
living and money wages, in the costs of local materials 
produced under conditions of diminishing returns, in 
time-costs and other costs of transportation, and in 
land values and rents."¢ 


Here, in the study of urbanization economies, Weber's 


analysis is not very useful since cities evolve over time. 


lipid., p. 162. 


*Tsard, Location and Space-Economy, p. 183. 
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62 
Cities are much less subject to relocation. Their investments 
are fixed in conjunction with their social institutions caus- 
ing geographic immobilities and rigidities. Cities therefore 
attract or repel units of production in accordance with the 
economies and diseconomies contained within the city; that is, 
"units are attracted to or repelled from cities according to 
a Simple comparison of advantages and disadvantages generated 


by these cities." 


Some of the advantages and disadvantages vary as the 
cities grow or become smaller. Marketing of products will 
become less costly as the cities grow in size, but the deliv- 
ery of the products may become more expensive due to traffic 
econditions.= In ‘considering locations’ ‘in urban’ centres’ all 
these economies and diseconomies are considered in the decision 
Making? process:*'Butrthe @conomies= and diseconomies” cannot be 
agepregated all that easily. The economies and diseconomies 
are interdependent, making matters much more complicated. 
Nevertheless, urbanization economies is an important factor 


of agglomeration which deserves careful attention. 


Qualities of the Industry and Agglomeration 
This section will deal with the question, "upon what 
qualities of a particular industry does the amount of its 


agglomeration depend. ..? This question causes us to 


lipid., p. 183. 
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examine more carefully those conditions of agglomeration 
which depend upon the nature of the particular industry." 
There are two such conditions of agglomeration: (1) the 
locational weight or the importance of location to industries 
and (2) the function of the economy. The importance of 
location to industries is simple and only needs mentioning. 
An example of an industry or firm which places high values on 


location is a mining industry which must be located with the 


sources of the mineral. 


Bute theyr'function of they economy". is.noet asselearcut. 
This.condition is. more of.an,intangible characteristic of an 
industry. For this reason we cannot know by deduction what 
eneraecreri stacy of dandustry~ther funetion- of] ther economy? wil 
en om on or how ita depends, on) thats characteristicéiet Butiby 
observation there are certain types of industries which pos- 
sibly have "large units of agglomeration with resultant high 
percentages of compressible costs--an effective function of 
ends These are industries whose products obtain values 
through the manufacturing process. = 

The reason why only industries with such a high value 
added through manufacture will have an effective func- 


tion efi .economy/Asmsimple tis seeOndyewhere hdgh»labor 
costs per. ton of product exist can considerable labor 


leriedrick, Alfred Weber's Theory of Location of Indus- 
triest op. 162. 


@Ipid., p. 163. 
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economies per ton of product be effected; and the same 

consideration holds good for manufacturing costs_in 

general; including the costs of machinery, etc." 
These costs appear in the value of the product. If these types 
of costs are high, they can show high functions of economy by 
compressing costs through agglomeration. This reduction in 
costs through manufacturing yields a yardstick for measuring 
the effective tendency toward agglomeration of industries. 
But this does not tell us everything about the trend towards 
agglomeration of a particular industry, and it does not tell 
Us its actual function of economy. If the value added is 
Parough idabor, then the factor of agglomeration is labor. If 
the value added is through machines, then the factor of aggelom— 
eee ion is mainly through materials since labor is a minor in- 
put. Now this can also be used as 4 yardstick in determining 
the tendency toward agglomeration attributable to a character- 
istic of the industry. "Now we can formulate: industries 
with a high coefficient of manufacture show strong tendencies 
to agglomerate; industries with low coefficient of manufac- 
ture show weak tendencies to agglomerate; and these tendencies 


: F : 2 
ere, anherenty ine theirrnature.™ 


Now in what forms will this agglomeration be found in 


reality? Agglomeration influences both labor-oriented 


lipid., pp. 163-164. 
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industries and transport-oriented industries. The influence 
of labor oriented industries is through the contraction of 
labor locations. Only industries with very weak labor ori- 
entation will be influenced by transport orientation without 
showing labor orientation. Technical agglomeration is only 
Poundein industries: with a high’ coefricient-of-manufacture 
which is composed of value added through labor and machines. 
Values added through machines is connected with consumption 

of materials, and this cannot cause the coefficient to be high 
because of the resulting high locational weight. "Consequently 
industries with a high coefficient of labor will show the 
strongest tendencies. of agglomeration." Technical agglomer- 
ation will have the consequence of strengthening labor aggliom- 


eration. 


The results of this then is to find transport-oriented 
industries concentrated not very far away from their points 
of smallest costs of transportation. When we find an indus- 
try deviating from its transport orientation, then we may 
assume it is labor-oriented because technical agglomeration 
is not a very strong force. This, then, separates industries 


into two groups: transport-oriented and labor-oriented 


industries. 


Sey da Meeps! Lae coefficient of manufacture is the 
ratio of production costs less the cost of labor to total 


production costs. 
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How does this agglomeration affect development in 
actual life? The three conditions of agglomeration are: 
density of population, transportation rates, and the coeffic- 
jent of manufacture. The first two conditions continuously 
increase agglomeration. Declining transportation costs 
increase the size of the area of agglomeration. Increases in 
the density of population increases the quantity of produc- 
tion through an increased demand for the product and an 
increased supply of labor and therefore the units of agglom- 
eration. But how do the changes of character in industry aid 
in development? This character of an industry is what was 
referred to as the coefficient of manufacture which leads to 
agglomeration but only if the character of the industry is 
important in that it causes the industry to be connected with 


other industries. 


As can be seen in the eighteenth and nineteenth cen- 
turies, the value added through manufacture became the cause 
of considerable agglomeration. Industrial production increased 
im*size , which meant higher units of agglomeration and more 
extensive reductions in costs making the higher units of agglom- 
SrauLolomore effective. Industries became more developed and 
organized which was necessary to enable them to utilize the 
heeher units of agglomeration... This change inthe character 


of the industries did have a very large agglomerative effect. 


But at the same time this changing of character of 
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industries created forces working against agglomeration. 
Machines replaced labor in many cases which means the value 
added through labor changed to value added through machines. 
This dad, the..effiect..ocf.ireducing thecoefficient. of;manufacture 
because value added through machines has smaller agglomer- 


ation effects. 


Forward and Backward Linkages and Localization Economies 
Forward and backward linkages may also induce agglom- 
eration and aid in the development of the area. For example 
Peehyoro.ooner sian. Important, Anput, in«a:dirm.the. firm will 
endeavor to locate where there will be a supply of hydro 
power. If the firm is already established, but the inputs 
required are not close, then the firm will attempt to induce 
firms to enter the area to supply the inputs. This is what 
is referred to as a backward linkage. The forward linkage 
also has agglomerative effects in much the same manner. For 
example if a firm is producing a product which does not cater 
excdusively to final demand, it will induce other firms to 


utilize its outputs as inputs. 


Therefore development policy-must attempt to utilize 
these backward and forward effects. These effects are very 
vital sections of agglomeration effects but they can only be 
utilized if there is some knowledge as to how different eco- 
nomic activities can be induced by backward and forward link- 
ages. But first we must have some knowledge of the linkage 


concept itself. 
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A. The Backward Linkage. Suppose an industry is established. 
What is the probability that other industries will be estab- 
lished through the linkage effects? Determining the probabil- 
ity is a very important factor in determing the agglomeration 
effects’ 

The probabilities can be interpreted as measuring the 

strength of the stimulus that is set up. For backward 

linkage, this strength can be roughly measured as fol- 

lows: suppose industry W requires annual inputs of 

ss ga ae Y,, and suppose that the minimum economic 

stze in terms of annual productive capacity) of firms 

thatewoudd turn-out these, idnputs.ds equal. tO. Ary. G01 ot on « 

ay, tchen the strength of the stimulus or the probability 

phate thexsetting ups of industry. Wewild. lead. tos the 

setting of industries producing the inputs is equal. to 

thea ratio) of; the, Y.is tomthe,A's.t 

1h underdeveloped countries where backward linkages 

Proemeecued. they are virtually non-existent. This is because 
of the very weak linkage effects connected with primary pro- 
Guction. This can be seen by examining the interdependence 
of industries, in an input-output table. In the underdeveloped 
countries this interdependence is very small. But the back- 
ward linkage is working through inputs in these situations. 
These countries are importing the semi-finished products and 


build firms to process the semi-finished product for final 


demand. Eventually as this grows, it has a backward linkage 


1 ibert Hirschman, The Strategy of Economic Development 


(New Haven: Yale University Press, 1959), p. 101. The 


largest value the ratio can take on is unity, i.e. if y's 
are equal to or larger than the a's, the value of the ratio 


is unity. 
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effect. When demand for the semi-finished products grow so 
that its demand will support a firm processing the raw mater- 
ial into the semi-finished product, this will induce the 
building of the firm and so on, until the demand for raw 
materials is large enough to induce the country to exploit 
its own natural resources. Firms will be induced to locate 
close together because of their dependence, developing the 


region, 


B. The Forward Linkage. The assessment of the probabilities 
in creating the agglomerative effects due to forward linkages 
is not as straightforward. The concept of economic size does 
not play an important role since the market for industries 
brought into being by a forward linkage does not depend on 
suppliers. The strength of the forward linkage and the pro- 
Dabilities of industries being established through a forward 
linkage will then depend on the importance of the input to the 
forward’ binked™industries “in their final product. 
If these inputs are a very small fraction of the indus- 
try's eventual output, then their domestic availability 
is not "likely ‘tobe san’ important factor=in calling forth 
Phaceindusery -* IT; “on the sother “hand y"these arvicies 
are subjected to few further manufacturing operations 
then the strength of the forward stimulus is likely to 


be substantial, provided demand is sufficient to justify 
domestic production. 


Where the inputs are of minor importance in the final 
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70 
product, the firm producing the input is usually established 
as a satellite industry and these satellite industries may 


be established through backward or forward linkages. 


A satellite industry will usually have the following 
Chareclenisrics.: 


(a) it enjoys a strong locational advantage for prox- 
imity to the master industry; 

[Dj at uses as principal input an output or by-product 
of the master industry without subjecting it to elabor- 
ate transformation, or its principal output is a-- 
usually minor--input of the master industry; and 

(c) its minimum economy size is smaller than that of 
the master industry.l 


Once a mastér industry is established, satellite 
industries are almost certain. But the establishment of the 
industry also produces a stimuli towards the setting up of 
non-satellite industries. But this stimuli is much weaker 
for non-satellite industries. This weakness may be explained 
by three factors. which define satellites. 

Linkage is. reduced to the fact that.an input of the newly 
established industry is an output of the to-be-created 
industry or vice versa, but the’ established industry 
would not be the principal customer or supplier of the 
to-be-created industry; in fact, particularly in cases 

of backward linkage, minimum economic size of the to-be- 


created industry would frequently be larger than that of 
the industry where the linkage originates.2 


But there must be a cutoff point where the stimulus 


, aes ie ol if DLs i +" =P, sraiaront lone, bedeet 


ee 


ryt wits 7 jt >a wee Oy) tiffs i ; Pig Siethaiiant <— wri isis 
; ) s Saabt dabeo3 Datei 


- 
= + 1% mai { Soy t2 & eyolae 7 | 
yubint “setean-cig oF- ¥% 
foubotg—yd fo ° ay feqleniuq 66 eonp. Jf 
TOURLS: G t Litas ix 


a Pier ttt 4arcd 

H - ¢auan iovaqenl fc J Shipasetas vi lawe 

Yo dont usd aL ist at guts Vie GO sia Lor Lat Bak reve, a 
+. Yotanont FOTRAM, aia! 


Fi Lliate " fy) urs OM CSS See ss 80” 
: * — Ya : Je od 
Sia to JnewtelfantIes se SG aTopres, fegn0ce~ sts sate 
—_— 
; << Ff 
To qu grtitt pve 2d a aesihe tq onte. ete 


4h 050 a9 we gt Cee | I +. ras . .etrse ‘dbak ott tots 


t ‘er 
* 
c - = ~ + a ~f : 
< =. ; at ad Sakliod, "7 ia 4 
3° 


=i oz. be oybe | 
hedmers<ed-cod off Yo, twas: th SP wee bine ee oe 
grvedbe? beralidedes. at dud pRedae Suey fea, oe . 
@aq2 Jo tat lagus i, sem Fei LAG toe ; aiid +O toe. & ty 
@pen0 Al vixatestineg toe" eee ye HbaL 1B esao= eda + 
“690-07 aii‘ Sia SHIOAGDS. une ia _ Smale? © bone ng xe 
$o02 Aes Featel.sd yi Nei pore bis Oi beaperoe 2I GST 

‘ *,. vegan ieio -oyedorl ete SLSR: ie 


Jf 


avlumbta edt exon’ Jolog io 10955 ‘ae as 


71 
resulting roman ‘industry is not ‘siipnificant even for the 
creation of satellite industries.” This may be the case for 
instance in an industry established which needs paper for its 
labels. This creates a demand for paper but the stimulus is 
not enough to bring about the development of pulp and paper 


Gilantus.. 


C. Emperical Studies with Backward and Forward Linkages. 
Charles Richter evaluated the impact of industrial linkages 
Pamcwe Location .or atskoumpasves@ tecidate activities in Nis *di seer. 
Gion-~published in 1968. In this dissertation he examined six 
hypotheses pertaining to the importance of linkages and agglom- 
erations of manufacturing activities. These hypotheses are 


Bae rOLLOws = 


dhe first hypothesis’ is that demand Linkages and supply 
Jinkages are equally important. docational influences, on 
all of the manufacturing sectors considered together. . , 
The second hypothesis. states. that the earlier stages of 
Manuracturing are ‘pencrally supply orienved . . oy s.e wiuiee 
thicd. hypothesis is that. strongly Jinked <dandustries are 
more likely to be located close together than weakly 
linked industries... The fourth hypothesis has two parts, 
both of which pertain to industrial sales to the final 
GEMMA SACOM & uiee cab LOO wilrshe park of the: nypopneeas 
is that there are more industrial linkages accompanied 
by geographic associations, on the average, among indus- 
tries which do not. sell large proportions of their out-— 
put to the final demand sector, than among industries 
which sell larger proportions of their output to the 
finale demand sect or..The Seconds parte. that. dndustriat 
linkages are equally likely to be complemented by geo- 
erapnic associations, regardless of industrial sales to 
Pingiedemand. <« : .. Kitth; a hypothesis, 1s examined 
which states that industrial linkages are equally likely 
to be accompanied by geographic associations irrespec- 
tive of the processing stage at which industries oper- 
aterzias, ®s Whe sixth and Last’ hypothesis ls that. the 
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fies. 
dispersion of employment proportions for industries 
Wivehsoo Now sell large proportions of their output to 
final demand equals the dispersion 'of the employment 


proportions for industries which sell larger proportions 
of their output to final demand.'1 


Arter examining the'“data "and analysis j *Richter icon- 

cluded that industrial linkages do lead to agglomerative 
forcess Le round what “Linkages exert trong Vocatlonaleforces 
Ciematulacturers LO “locate iear thevrr sources Tor smat ériaisor 
Wear uie markets” *Because of backward and™forward "linkages yhe 
found there was a tendency for "industries to cluster together 
Wluhin the-57-of “the “nation's Largest metropolitan “areas. 
Since linkages apparently encourage industries to concentrate 
Me eiess areas, . .*.. industrials) tnkapes’ probablyyindauee 


manufacturing industries to agglomerate." 


Thee canine nis (Soa by poupestS nis results were 
found to be significant. Supply and demand linkages were 
found equally important in’ creating agglomerative forcess<eSup- 
ply linkages were found to be more important locational influ- 
ences on primary manufacturers while demand linkages were 
more important to later stage manufacturers. Also strong 
linkages were found to be more powerful locational forces 
than weaker’*ones.” Regardless’ of the’ size’ of’ final’ sales, the 


Ttikelihood of sectors being attracted to other locations 


TRichter, The Impact of Industrial Linkages, pp. 5-8. 


co bara p. 86. The nation referred to is the United 
States of America. 
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13 
because of linkages with other industries being equal. But 
because there are more interindustry linkages between sectors 
closely linked to final demand, these manufacturers average 
more locational associations than manufacturers who sell 
largely to the final demand sector. Because resource users 
are more materialeortented than market ‘oriented; linkages 
are not likely to occur between resources users and the mar- 
ket. Those secotrs "have wider dispersions of their employ- 
ment proportions inside the 57 metropolitan areas because 
Chey sare Gnoti Lso Saneitimie Do the sources: Girmkhimakl demandras 
eecvtors whichrsell wlarger <amounts of atheirvwoutput to the 
final demand sector. "+ The examination of these hypotheses 
brings to light some ways in which industrial linkages 
encourage industries to agglomerate and shows that industrial 


linkages are important locational and agglomerative factors. 


Now the question arises as to how corporate linkages 
are made or are derived from an input-output table. From the 
Mput—outputurable thevdegreeucfrinterdependence shown by any 
one industry can be measured by computing: 

1. The proportion of its total output that does not go 
tonfinal demand’ but rather»totothersindustries, and 


2. the proportion of its output that represents purchases 
from other industries.@ 


lipid., oie een 


Hirschman, The Strategy of Economic Development, p. bo a 
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This measure can be taken to represent forward and 
bakceward linkage effects. Chenery and Watanabe,in a recent 


study of the degree of interdependence of various industries 


in Italy, Japan and the United States, computed the averages 
and the resulting figures representing the degree of inter- 
dependence "can be taken as a general indication of the rank- 
one OF These “Industries from the pofnt of view of backward 
and forward linkage Bereoret Since more importance is 
placed on backward linkages than on forward linkages, indus- 
tries with high backward and low forward linkages are ranked 
before industries with high forward and low backward linkages. 
BiPeeeieriod. of devermining Linkare efrects is very rough but 
nevertheless will yield an approximate idea of the direct and 


Piotr correc es Of projects on; the economy or region. 


Dee obeckward end Worward’ linkage” Considered Together 

As has already been mentioned backward linkages are 
much stronger and more effective than forward linkages. It 
would be absurd to assume industries would be created or a 
certain investment would take place when domestic demand 
reaches a certain: level. “Also forward linkage effects never 
occur in pure form, they are always accompanied by backward 
linkage which results from the pressure of demand. But 


because of these reasons, the forward linkage is an important 


Liptdsspy 105. 
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if 
reinforcement to the backward linkage. Investments as a result 
of both backward and forward linkage are therefore a much 
Sater investment and easier to justify.- As an example indus- 
try A may be established because of the final demand for the 
Product. Onee “sndustry “A*ts sdevelopeds its "output *mayepos-— 
Sri pe Usedivas an rnpub” op anounerandtserye industry ?s 
will-develop to supply a product to the final demand sector 
eo Leonse toe, OULUDUL Of industry A. This will cause. the 
Paros tea nousvry A CO increase. This wild cause the indus-— 
tevyecLorexpand pecauge now it must not only satisfy final 
demand but also industrial demand. "In other words, while 
Poewextsvence of industry A helps to induce the establishment 
Seernousl ry CG. this"ebtablishment = invturnyinduces*therbulld— 


ing of new capacity for ant 


But very often there is a strong resistance against 
backward linkages especially in developing countries. These 
countries begin their development process by putting the 
finishing touches on imports. Once demand for imports is 
large enough to economically support the industry, there 
will develop a backward linkage inducing domestic investment 
in this industry to produce the imported materials. But the 
manufacturer who is producing the finished products will 
resist the development of domestic industries producing the 


Citened products. 1 or, several reasons. First he fears the 
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76 
domestic production will not be as good and uniform quality 
as the imports. Secondly, he may become independent on a 
Single producer when previously he could shop around the 
world. Thirdly, domestic competition in his product may 
become more active. Finally, his location may be wrong 
once domestic production begins and his supply of materials 


is changed. 


Therefore,:starting the development of an industry, 
beginning with the Last stages first; mayubeva disadvantage. 
Not only will backward linkages not be aaraeel tee but back- 
ward and forward linkages together may not be effective. 
Agglomeration, Backward and Forward Linkages and Water 
Resource Projects 

Water resource projects are very often the result of 
erenerebackward sor forwarddlinkages tand.very roften thecause 
Graco omeration ieffectis;. yrninsthe last haltecentury, with 
hydro power becoming a much more important input in many 
industries, hydro power plant development has been encour- 
aged. The development of hydro plants with equipment and 


services may mean the use of hydro power as an input. 


Irrigation projects also have some agglomerative 
etfects. .Many times irrigation projects arise.because of, the 
need for irrigation and irrigation projects induce industries 
and induce expansion in the production and processing of 


agricultural products. 
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Barren lands have been developed through irrigation 
projects. The development of barren lands induces industries 
woelocave in tie area to supply services to the farms and 


people in the area. 


Agglomerative and linkage effects are therefore sig- 
Nit icant. in ene Water resource Oro certs. “To evaluate 
agglomerative and linkage effects it must be known how they 
operate and what are the causes of these linkages and agglom— 
Sica (inVG. CL LeECTS . Once this knowledge is gained the input- 
Output model may be utilized to determine the importance of 
DipsomciLecum Wy observing interindustry transactions. 
Poeouch an vanalysis of .this. nature ,one can.obtain .a much 
closer insicht..into -the effects. water resource projects. have 
on the region and the economy. But one must first understand 
the theory of agglomeration before this secondary benefit 


can be incorporated into an input-output analysis. 
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CHAPTER V 


CONCLUSION AND: SUMMARY 


Lier hayor@puroose? OT’ this thesis=i1s to evalnate the 
usefulness of cost-benefit analysis as a method of allocating 


Canada's natural resources, and propose alternative methods. 


Cost-benefit analysis is suitable when the projects 
to be compared are of a similar nature, and when effects are 
of a micro nature with minor pecuniary externalities and sec- 
OnGgary benefits. But when large scale projects are: being 
Boece cd.= a cOSt—-Denetiv- analysis” as Tiar-i1rom savisfactory. 
Pecuniary excernallviesand-setondary-benerits, both of 
which cannot be rigorously dealt with in cost-benefit analy- 
SIs ecome more Lmportant’wnen tne*errect”™or the project on 
Bie eeconomic Prowth of the area is being considered. Large 
scale projects are of a macro-dynamic nature which cost- 
benefit analysis is not conceptually designed to deal with 


Saices bis primarily a micro-static tool. 


irevaruatcines short-run eyclicaimMerfects~of “wacrer 
resource projects, using the proposed tools, one must first 
assess the increased demand by industry. To estimate the 


short run effects, the matrices of static input-output tables 
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are then inverted enabling an estimate of increased inter- 
industry activity. To estimate long run secular or growth 

eta ectsrythnemeocational pull. of therproject must be assessed 
DypeCxaliinameeehesetiractions such as transportation economies, 
1oWs@ost inputs such as hydro power and other natural 
resources.» Matrices of dynamic tables are then inverted to 
estimate the increased interindustry demand due to the indus- 
EeVCeerOcated angbhe? area because of the project. /This 
estimates theysecondary benefits, but to account for pecuni- 
ary externalities the technical coefficients must be made to 


Beplectiprpice changes. 


Growloneerrects must then be measured. The increase 
Gmepopulation must be calculated and the increase in the 
number of families must be estimated. Then changes in per 
family income is calculated and used as a measure of economic 


growth. 


The project chosen will then be the one which opti- 
mizes the increase in economic growth. Optimization of eco- 
nomic growth will be attained when per family income is maxi- 


mized since this is the measure of economic growth used. 


With special reference to water resource projects, 
the macro-dynamic nature of the project may come about ina 
number of ways. The development of hydro electric power 


could, possibly be macro in nature with many pecuniary 
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externalities and secondary benefits which would be overlooked 
by a cost-benefit analysis. A large scale hydro power project 
could cause industries in which hydro power is an important 
input to be attracted to the area with their service indus- 
tries and services in general for the increased industry and 
labor force attracted to the region. The needs of both the 
new industry attracted to the area and the hydro power plant 
may cause the production in the rest of the economy to expand 
resulting in widespread decreases in unemployment. Therefore 
secondary benefits and externalities should be considered in 
developing suchrprojects ‘because of theistimulus to»economic 
Gaowwh a the jréezionydandeinecenéral tthesestimul us rooseconomic 


Srowcni@iviethe entire economy. 


Large scale irrigation and transportation projects 

. may have similar effects on the economy. For example with 
largerscalhe irrigation projects: which induce increased agri- 
cultural activities, agricultural suppliers and services are 
attracted to the area increasing there per family income, 
empiaymenthand-activities linwthisefields sThesersecondary 
benefits and pecuniary externalities which affect the economic 
growth of the region are again not considered in a cost- 
benefit analysis; and -as a result the project may not: mater- 
jalize; or if pecuniary externalities cause a reduction in 
the benefits of the project, again not being considered by 


GCast=benelic analysis, this may, cause the projecu, to 
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81 
materialize when, in actuality, another project should have 
been chosen. The development of the St. Lawrence Seaway is 
a prime example of the macro-dynamic effects which the large 
pica te fee as of Canada's water resources may produce. 
fhersdeyelopment and utilization of this seaway for transpor- 
tatrom purposes*shas been considered to be an important factor 
iiecne erowcl OL the national economy. It appears clear from 
these examples toa, pecuniary externalities, and secondary 
Dome se cosuilane trom such tarce “scale projects cannot pe 
dealt with as in a ¢ost-benefit anal Vets ou conor De 
considered as important components in any analysis when the 
emoice Of projects, and the decision to develop a resource is 


being made. 


Now the prooltem ofiapredicting such secuniary external— 
ities and secondary benefits presents itself. |In attacking 
the problem of pecuniary externalities and secondary benefits, 
this thesis has suggested the conceptual and empirical use- 
fulness of input-output analysis. For short term projects, 
Avscracic. inpup-output table was found to be sufficient, but 
for long term macro-dynamic projects the input-output model 
must be made dynamic. By using present best practice indus- 


tries and deriving their technical coefficients, assuming 


IMacro-dynamic effects are large scale effects which 
affect the economic growth of. the larger part of the economy 
and change over time. 
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82 
the average industry in the future will have technical coef- 
ficients similar to the most efficient industries at present, 
the input-output model may be made dynamic. Pecuniary exter- 
nalities and secondary benefits and their effects on the 
economic growth of Canada could then be predicted with some 


gergree. Of. accuracy. 


Vonscderation has. been piven to.the difficulties,of 
making an input-output model dynamic. Identifying best prac- 
bBacesindustries may,indeed be difficult....so.that .other methods 
of making the input-output model dynamic must be investigated. 
The input-output model could possibly be made dynamic by 
changing, coerficients.by a;constant percentage or by incor- 
Doraving relative price changes into the derivation of the 
technical coefficients. Nevertheless the static input-output 
model which has been heavily utilized for predictive purposes 
by such analysts as Isard and Chenery has proven quite suc-— 
eessful and does provide an approximate estimate of pecuniary 


externalities and secondary benefits. 


Water resource projects of a large scale nature also 
have 2oe¢lomerative, eitects. ror, example hydro slectric power 
developments may attract industries to the area because of 
economies of scale, backward or forward linkages, urbaniza- 
tion economies or localization economies, all induced by the 
development of the hydro power plant. These industries which 


are attracted to the area will themselves attract service 
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83 
industries and other industries to the area which are depen- 
dent on them. But to predict which industries will be attrac- 
Cede tO une vareavone must investigate the linkages between 
industries. By using input-output tables an estimate of the 
linkage can be arrived at by observing interindustry trans- 


actions and estimating the dependence between industries. 


It is conceded that cost-benefit. analysis is satis- 
factory when dynamic conditions are not present. When pro- 
jects have dynamic effects on the economy, then other methods 
Ot sanalvVersnmusctebesutilizgedss:sForaprojectssoft ia static 
Merure ..cither macro or micro, cost—benefit analysis is a 


Satactacvory tool of analysis. 


By more rigorious utilization of agglomeration theory 
in conjunction with dynamic input-output models, Canada can 
Menweesccurately predict thereffects on theseconomysof large 
scale developments of the natural resources. Since Canada is 
so richly endowed with natural resources currently under con- 
sideration for development or export, more concern with the 
aiilocationneret hese onesourcesmmayPoeninnorder, yMere effic-— 
LenoanceacCurave COOlSs Tor allocating resources should be a 
constant concern to Canada and continued research in this 
area should be stressed since natural resources may be an 


important component in Canada's future growth performance. 
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